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Abstract	  	  
This project report seeks to understand the possibilities and issues in relation to an agricultural 
expansion into the New Valley area of Egypt based on selected irrigation technologies. The 
interest for the project is based upon the knowledge of population growth and issues of food 
security in Egypt. The theoretical and methodological background of the project is drawn from 
different schools in Human Ecology and from Karl August Wittfogel. The theories included are 
used as a theoretical framework for the understanding of the human-nature relationship, the 
production process and potentials, as well as hydraulic civilizations, in the project. Through an 
analysis of the different potentials of the irrigation technologies; seasonal irrigation and 
permanent irrigation, as both dams and wells, it is discussed whether or not an agricultural 
expansion into the New Valley area is possible and which related consequences might occur. The 
project concludes that an expansion can be done through permanent irrigation in the form of 
wells, however the idea of creating a new lake, with the help of dams, into the New Valley area 
seems unlikely to succeed due to several environmental factors. Even though an expansion with 
wells, using the NSAS aquifer, is possible, several factors must be considered in order to 
determine the success of such expansion, this includes regulations, management and research. 
The theoretical potential of an expansion based on wells is there, however the practical potential 
is determined by how well this theoretical water resource is utilized for agriculture.  
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Problem	  area	  
On the 25th of January 2011 people started to go to the Tahrir square in Cairo to protest against 
the regime. It was Hosni Mubarak who was in power. He has been in power since 1981, where he 
took the power from Anwar Sadat after an assassination. These protests were inspired by other 
similar protests in the Arabic world. President Hosni Mubarak resigned the 11th of February and 
left the power to the military, after a month with intense fighting and hundreds of killings (The 
Telegraph, 2013).	  
Mohamed Mursi from the Muslim Brotherhood, took his oath to office the 30th June and became 
the new democratically elected president of Egypt. This was after almost one and a half year with 
a lot of chaos and elections for the lower house were the Muslim Brotherhood nearly took half of 
the seats. Mursi and the Muslim Brotherhood got the power and they thereby rewrote the 
constitution; with many protests against their use of power. Millions of people demonstrated only 
one year after Mursi gained his power and this was mostly in the big cities in Egypt. The result of 
these demonstrations was that the military went in and suspended the constitution and arrested 
Mursi. They thereby imposed an interim technocrat government (The Telegraph, 2013).	  
As mentioned before, all the chaos and killings in Egypt started in 2011. The food prices were 
historical high in the same year and especially the wheat prices. Wheat is one of the most 
important products in Egypt and this makes Egypt sensitive to the global food system and food 
prices. Wheat is one of the primary sources of food in Egypt and is traditionally very important 
for the Egyptian populations. Egypt is one of the countries that import most food in the world. 
This means that Egypt is very depended on its import of food and thereby global food system and 
food prices, if the people should be able to get enough food to survive (Lagi, 2011).	  
This dependency is a result of many factors, but mainly two are of big importance: The first one 
is the population, which has been increasing from less than 16 million to more than 82 million in 
around 80 years. With a continued annual growth rate of over 1.76 in 2012, the population will 
probably continue to grow in the coming years (Euronews, 2013). Such a rapid increase in 
population size must create major challenges in relation to management. What especially interest 
us here are the challenges in food- and landscape management.	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Figure 1: Population (faostat, 2013)	  
This population growth has made some huge demographical challenges. Fertility rate is currently 
2.9 children per woman and is expected to remain above the replacement ratio of 2.1 for at least 
the next two decades (Euronews, 2013). This means that it does not seem like this tendency will 
change provisionally and will keep on making challenges in the future. The second important 
reason is this big dependency of imported agriculture products. The land reform that gave right to 
the small tenant farmers to have their own land they could use was removed under the Mubarak 
regime. This meant that most of agriculture was centralized and the small farmers lost their way 
of living (The Guardian, 2011). This also meant, after the centralization, that the agriculture 
products that have been used to feed the population, are now owned by big landlords and the 
products are thereby mostly exported to other countries. The export of food products in Egypt has 
increased massively since 1996, from a value of 350.6 millions of USD in 1996 to 4085.8 in 
2011. The annual growth rate in 2011 was 36.28 %. At the same time there was a massive 
increase in import of food with an annual growth rate of 25.78. The result was that Egypt became 
the greatest importer of wheat in the world and that Egypt thereby is very depended on imported 
goods. 
Figure 2: Agricultural production and trade (faostat, 2013) 
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Figure 3: Top 10 countries of wheat import and figure 4: Egypt wheat imports (both Euronews, 
2013) 
 
The first figure shows the biggest importers of wheat in 1000 metric tons and the second figure 
shows Egypt’s wheat import over time, from 1960 to 2012.	  
One of the biggest negative consequences of this dependency is that it makes Egypt very 
sensitive towards global food prices and therefore very sensitive to dramatic changes in the price. 
This sensibility was shown when the US government deregulated the market and exempted 
trading limits. This has had the consequence that speculations in the global food market have 
made a price bubble. Another issue is that the production of bioethanol fuel has increased the 
	  	  	   11	  
food prices (Lagi, 2011). 
In 1959 the Egyptian population had reached 26 million and the cultivated land equaled 6 million 
feddan (2.52 million ha) (Hereher, 2013). Figure 5 (Vanlauwe et al. 2002:10) shows population, 
cropped land and fertilizer use in Egypt in 1961 compared to 1997. 
 
Year population Fertilizer use 
(nutrients) (1000 
Mt) 
Fertilizer use 
(nutrients) (kg 
ha-1) 
Cropped land 
(million ha) 
1961 29 242 93 2.6 
1997 65 1,004 313 3.2 
 
Figure 5: Population expansion, cropped land and fertilizer use (Vanlauwe et al. 2002:10) 
 
In comparison with other countries, the fertilizer use is extremely high. No other country had a 
higher Fertilizer use (nutrients) in kg ha-1 than Egypt in 1997. The world average in 1997 was 90 
kg ha-1, in developing countries a bit less (91 kg ha-1) than in developed ones (87 kg ha-1) 
(Vanlauwe et al. 2002: 11). The cropped land increased since 1997, to 3.71 million ha in 2009 
(Tradingeconomics.com, 2013a). In 2003 the agricultural area of egypt was estimated to be 7.91 
million feddan (3.3 million ha), which is approximately 3.3% of the area of Egypt. In 2012 the 
estimated agricultural area is 8.92 million feddan (3.74 million ha), 3.7% of the area of Egypt 
(Hereher, 2013). In 2003 the population in Egypt reached 70.175 million people. This number 
increased till 2009 to 78.323 million and in 2012 the population number of Egypt was at 82.537 
million people.   
The following table has been made based on the information collected above: 
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Year Population (million) Cropped land/agricultural land 
(million ha) 
1959 26 2.52 
1961 29 2.6 
1997 65 3.2 
2003 70.2 3.3 
2009 78.3 3.71 
2012 82.5 3.74 
 
Figure 6: Population expansion and cropped land (Worldstat, 2013).  According to Worldstat in 
2007 the agricultural land per 1000 population in Egypt was 0.4 km2 (Worldstat, 2013).  
 
We believe in open systems and interdependence, and there can therefore not just be one reason 
for the unrest that has occurred in Egypt. There are many different reasons, but we believe that it 
is not a coincident that the increasing food prices and the riots have occurred so synchronously. 
We believe that the situation in Egypt can become more stable, if something is done towards the 
food situation. 	  
The whole economical aspect of the Egyptian situation can be argued to be an inevitable 
consequence of globalization. We though see it as something, which can be helped within the 
state. We have decided to focus on what can be done internally in Egypt to provide food to a 
growing population. This should be in relation to agricultural production potentials based on 
irrigation technologies. We will consider what can be done, so that Egypt can once again be more 
independent and have a more sustainable food system; thereby not being as depended on the 
global food system as today. We will attempt to enlighten one aspect that may affect the problem 
that Egypt faces today, while keeping in mind that the problem is holistic and multifaceted. 	  
Problem	  formulation	  
How can the demands of a growing population be met in relation to agricultural production, 
based on knowledge from irrigation technologies and focused on an expansion into the New 
Valley area in a sustainable manner? 
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Problem	  definition	  
With this problem we seek to understand the potentials of Egyptian agriculture, in relation to 
different irrigation technologies, in providing agricultural products for a growing population. 
Focus is primarily on understanding how different irrigation technologies used in Egypt’s 
agricultural history works and what effects such technologies have, both positive and negative, in 
relation to agriculture and the environment. By irrigation technologies we mean technologies or 
methods for providing water for irrigation purposes, this being both natural and constructed 
water/irrigation management. The irrigation technologies that will be studied are: seasonal 
irrigation, permanent irrigation and water wells/pumps. After a description of these different 
technologies focus will be pointed towards analyzing the potentials of such irrigation systems in 
the New Valley area, focusing on both the theoretical and practical potentials. We have an 
interest in analyzing what the possibilities are for an expansion of agriculture into the New Valley 
area. This expansion can be a solution to expand agricultural production for Egypt’s increasing 
population. As explained previously, focus will be on the effects of the irrigation technologies on 
the environment. This is in large due to the knowledge that we gain through Human Ecology, 
emphasizing that actions by humans affect the ecological system and vice versa. The notion of 
sustainability that we incorporate in this project is therefore focused on the landscape and the 
interactions of different human and non-human systems called Landscape Sustainability. To sum 
it up; this project seeks to gain knowledge and understanding of the three chosen irrigation 
technologies in order to analyze the potentials of such irrigation systems in relation to agricultural 
production. This will be analyzed in relation to a growing population and sustainability.  This will 
then lead to a discussion of the possibilities for an expansion of agriculture into the New Valley 
area, focusing on which agricultural irrigation technology that would be best fitting for such an 
expansion, based on the agricultural potentials.  
 
The problem will be studied through the theories of Human Ecology and Wittfogel and will use 
empirical information such as acknowledged research reports and articles, as well as maps, 
graphs and tables. All of which are chosen based on their relevance in relation to understanding 
and analyzing the problem.  
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Source	  criticism	  	  
During the research, problems with sources occurred. It was not expected, at the start of the 
project, that the available data and research would be scarce. Problems are first of all the lack of 
data on historic issues as well as on present information about the New Valley Project and the 
Oases. 
 
The period of seasonal irrigation in Egypt started approximately 7000 years ago. Finding sources 
regarding specific information that goes back to the Ancient Egypt can be difficult. It can be hard 
to secure the source information for such a long period, and a lot of source information can be 
estimated to have been lost during time. This is both because of the long time period and at the 
same time the fact that there were not any of the modern technologies such as computers or books 
to write down, store and share information. Information found about old periods needs to be 
evaluated carefully in relation to the accuracy of the information or data. 
 
In todays practice on water pumping with wells out of the Nubian Sandstone Aquifer System 
(NSAS) is based on very little known data. Today it is not certain that a renewal of the aquifer is 
happening or if the pumping is based on ancient water only. The different papers taken into 
consideration for our project often have contradictory information; the scarce data is with wide 
ranges and often based on very little measurements. The aquifer is just mapped superficially and 
not mapped on a small scale, which could for example be necessary to place wells sensible. Some 
oases, like for example Siwa, got electricity just a few decades ago and the water management is 
very small. Basic information of population numbers, land use, agricultural use types and land 
distribution have been very hard to find, which was surprisingly for us. For our aims information 
on the agricultural system would be interesting, but it was not possible to find it.  We assume that 
this data is not available for public or that the data does simply not exist. Of course there exist 
some papers on hydrogeological data, but often they are very specialized and do not answer basic 
questions about the water potential. The Geohydrologists researchers write in their papers 
detailed information about an historical geology basic. This information is important; it is mostly 
very specific but cannot be related to the New Valley project. Therefore we had to look through 
many different papers to get data that is useful for our aims. To get data on transmissivity, from 
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which the groundwater potential can be assumed, we were lucky and thankful that an Egyptian 
research professor Mahmoud Senosy sent us a file that we were not able to find online. The data 
we had before was from a US agency and very old and it was not clear in the US agency report, 
how the data was taken and on which measurements it was based. It was contradictory to some 
data in different more recently written papers. For us information on evaporation values in the 
different cases we looked at would have been useful. Unfortunately we could not find it. It is 
possible that the data was never collected, that the government hides uncomfortable data to 
realize their goals or that data is just available in Arabic or not digitalized in books in Egyptian 
libraries. To realize the Tushka Project it is essential to know how much water will get lost 
through evaporation. Sometimes different sources are contradicting each other and we suggest 
careful that some researchers may be influenced by the government. 
 
All in all we can sum up that our answers to the problem question of the project is based on data 
there are questionable, but simply no better data was available for us.  
Wittfogel’s	  Hydraulic	  Civilizations	  
Karl A. Wittfogel was a German-American historian and a sinologist. Concerned primarily with 
the relationship between humanity and nature, his important work influenced geography, 
anthropology and urban studies. Wittfogel is primarily known for his view that water played a 
critical role in early civilizations, states, and cities. Wittfogel advanced a term for the dependence 
of water of arid and semiarid societies in his book Oriental Despotism in 1957: hydraulic 
civilization.  According to him all cultures have agricultural systems that are dependent on two 
different types of governmental water management: productive water management for example 
for irrigation and protective water management for example for flood control. 
 
A developed "hydraulic civilization" maintains tremendous control over its population by 
controlling the complete supply of water. Wittfogel believed that water is a key resource for 
civilizations. Water is needed for irrigation and is vital for agriculture especially in arid and 
semiarid regions and often required large engineering projects that were built with forced labour. 
Wittfogel believed that governments and especially the rulers of civilizations in arid and semiarid 
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areas acquired enormous power over people by controlling the water supply. Governments ruled 
very strictly, monopolized and centralized their economies through a “hydraulic government”, 
what implicated typically a very powerful patriarchal leader. Therefore revolutions were 
impossible (Warf, 2010: 3121). 
 
Soil and air are as important resources to agriculture as water, but water differs in a principal 
way: The reason for the power through water is first the high need of water and second, that 
water can be stored. Furthermore water appears unevenly in the landscape, it can be gathered 
either as ground water, or as rivers in continuous beds, or in cavities like lakes (Wittfogel, 1975: 
15). 
 
Geopolitics are the doctrine of the earthbound political processes (Wittfogel, 1929: 21). 
Accordingly the political life shall be detected by its earthboundness. Wittfogel not just argues 
that it is important that politics are aware of geographical factors, more than he wants a complete 
and consequent appreciation of the nature events’ significance on humanity and relates it to 
Marxist theories. 
 
We choose Wittfogels theories to emphasize the importance of water for Egypt. Water today 
shapes Egyptian society, and Egyptian society shapes the pumping technologies that, in turn, 
direct the water flows (Bijker, 2012: 625). In 19th century, for example, in Egypt most of the 
countries’ workers, were forced to work in huge shifts on Mehmed Ali’s hydraulic installations. 
After only 180 days the canals were completed (Wittfogel, 1975: 25). A huge governmental 
apparatus capable of executing many hydraulic works could easily be used in building palaces 
and pleasure grounds for the ruler and his court and unlimited control over the labour power of 
their subjects enabled rulers of Egypt to build their spectacular palaces, gardens and tombs 
(Wittfogel, 1975: 39). Moreover France used “hydroimperialism” during colonization time in its 
North African empire, which included Egpyt between 1798 and 1801. Technical and political 
elites essentially brought “hydroimperialism” from France to the North African empire 
(Pritchard, 2012: 593). Recently in Egypt the government has many different ministries 
responsible for water supply.  Limited transparency and accountability of the government to its 
citizens concerning water and sanitation, because of overlapping responsibilities, is created. 
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Husni Mubarak, the former autocratic president of Egypt (1981-2011), had big water projects. 
The Toshka project, an ambitious project that shall create a second Nile Valley by redirecting 
10% of the country's need of water from the Nile to increase the inhabitable land from 5% to 
25%, for example. The project has provoked controversy, both domestically and internationally 
(water technology, 2013), and it shows the thirst for power through water issues of arid regions’ 
rulers, what can be easily connected to the “hydraulic civilisation” theory. The obvious 
importance of water is easily shown in arid regions, sometimes by virtue of water absence. In 
Egypt are big irrigation struggles (Bijker, 2012: 625). Moreover, “hydrocapitalism” evokes the 
commodification of nature, specifically of water, as described by Pritchard (Pritchard, 2012: 
593). Recently political and popular discussions have debated the privatization of water, and the 
power over water is not only in arid regions an issue, but therefore also in the European Union. A 
European Citizens' Initiative in 2013 collected signatures for a water policy that preserves the 
human right of water (Right2water, 2013). “Hydrocapitalism” describes how particular hydraulic 
knowledge systems and management regimes reflected and realized capitalist relations in the late 
20th and early 21st centuries. Thus, knowledge and managing of water helped constitute, 
reproduce, and enhance political and economic power in the modern era (Pritchard, 2012: 593). 
Human	  Ecology	  
This project is based on an understanding of the relationship between nature and humans as being 
interdependent. We, as humans, are not only acting within the environmental settings, but also 
affecting these settings through our actions. This view of the man-nature relationship will be 
theoretically supported through approaches in Human Ecology as well as references to Wittfogel 
and Marx. Thereby we, in this project, distance ourselves from the notion of Environmental 
determinism, in which humans and their systems are entirely dependent on and determined by 
their environment (Rambo, 1983: 3 & Schutkowski, 2006: 5-6). Environmental determinism, as a 
geographical school, lasted well into the 1920s, but was replaced by a Environmental possibilism 
perspective, in which the environment was not directly determining the actions of humans, but 
rather it put limitations to the development of certain cultures. Here the progression of cultures 
happened through the challenges that the cultural groups met in relation to their environmental 
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setting, thereby creating limited possibilities for certain cultures to progress (Rambo, 1983: 4-6 & 
Schutkowski, 2006: 6-7). Then, in the 1950s, what we know as Human Ecology today started to 
form. This happened with the concept of Cultural Ecology in the 1950s. This is where we, in 
geography, are first introduced to the importance of adaptive strategies within the human-nature 
relationship. Focus is on how the environment and the adaptive ability of a certain populations 
have an influence on the development of cultures and human behavior (Rambo, 1983: 6 & 
Schutkowski, 2006: 7-9). The problem with this theory however was that the approach focused 
on static and unchanging populations and environments. At the same time this approach has been 
criticized for being mostly applicable to small and primitive societies in relation to agricultural 
adaption (Rambo, 1983: 10-12). The theories that will be more thoroughly described in this 
chapter are three models of Human Ecology, as well as the current approaches within Human 
Ecology in Anthropology, that has relevance for our project.  
 
The	  Ecosystem-­‐based	  model	  
This is a more dynamic model, than the previously mentioned ones. It focuses on the relationship 
between specific ecosystems, within these; soil, water, climate and living organisms, and specific 
human populations. Here the fundamental unit of the analysis is the ecosystem and human 
populations are seen as merely another part of such ecosystem. Here culture is not determined by 
or determining nature, rather culture is only interesting if it is important to the survival of a 
population in the ecosystem (Rambo, 1983: 13). Thereby culture is merely seen as an adaptive 
need in the quest for survival. Though links between diverse elements, such as religious rituals, 
health, nutrition, warfare and population size, have been found through the Ecosystem-based 
model, it is criticized for its analysis approach in relation to ecological efficiency. Through this 
model religious rituals should, in theory, be a result of the quest for survival, meaning that it 
should be rather ecologically efficient. However critics claims that rituals are merely social and 
cultural acts, which are not focused on the survival of the population and therefore not 
ecologically efficient. Rather such rituals are a display of wealth and power in relation to the 
social structures and not a necessity for survival in relation to consumption (Rambo, 1983: 16-
18).  
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The	  Actor-­‐based	  model	  
The Actor-based model surfaced in the 1980s as a response to the Ecosystem-based model. In 
this new wave in Human Ecology focus was on the individual’s decisions in interacting with the 
environment in the best way. This approach is based on the assumption that individuals will make 
rational decisions and that they will have a rational understanding of right and wrong, an 
assumption that is widely criticized today. All societies, communities, cultures and social 
structures exist, in this model, merely as a product of the decisions of the individuals. The idea of 
natural selection is then based on making the right choices as an individual in relation to the 
exploitation of the environment, adaption and the coping with environmental hazards. The 
successful and “correct” adaptive strategies used by individuals will then, over time, become the 
norm and a part of the cultural and social structure (Rambo, 1983: 18, 20). This model is 
effective in explaining and understanding why some traditional farmers reject new technologies, 
in relation to on what grounds they make this decision (Rambo, 1983: 20). Here an analysis 
would be focused on the decision of the individual in relation to the environmental circumstances 
within which the individual acts. This approach has been criticized; both for the above mentioned 
assumption of human rationality, but also for the focus on the individual and the disregarding of 
an external social structure, which are functioning outside the influence of the individual and 
often limits the actions of the individual (Rambo, 1983: 22). The focus of this model in the 
individual limits its applicability (Rambo, 1983: 23).  
 
The	  Systems	  model	  
The Systems model focuses on self-organizing systems and surfaced in the 1980s along with the 
Actor-based model, and explains some of the processes that the Actor-based model has failed to 
explain. This model describes social systems as they interact with ecological systems, focusing 
on the internal dynamics in which there is a flow and interdependency. There is a continuous 
exchange of information, material and energy between these systems, which influences the 
structures and functioning of the systems. This model is extremely complex and dynamic, both 
because of the above mentioned interdependency, but also because these systems do not only 
interact with each other, rather they interact in an open system with neighboring systems. This 
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goes both for the social and ecological systems (ecosystems) (Rambo, 1983: 25). Focus is on four 
relational aspects:  
 
1. Inputs from the ecosystem into the social system (energy, materials, information) 
 
2. Inputs from social system into the ecosystem (the same ones but generated by human activity) 
 
3. Changes in the institutions making up the social system in response to inputs from the 
ecosystem (response and adaption)  
 
4. Changes in the ecosystem in response to inputs from the social system 
(Rambo, 1983: 27) 
 
As we can se here, this approach is focused on the change and adaption that is created through the 
constant interactions between the social and the ecological systems, and within this; how they 
react to each other. 
 
Of the abovementioned models, our project will build upon the ideas of the Systems model, in 
which social systems and ecological systems function through interdependent interactions.  
 
Our problem gives rise to an analysis that includes the four relational aspects of the Systems 
model in understanding the potentials and affects of different irrigation technologies. An 
understanding of all the above mentioned approaches are necessary in understanding the 
development of Human Ecology and in deciding which approach to base our project on. Further 
more it is important to understand some specific aspects of Human Ecology today that are 
relevant for this project.  
Humans	  and	  ecosystems	  
As explained in the different Human Ecology approached above, the relationship between 
humans and nature has been a topic for theoretical discussions for many years. Wittfogel 
discussed this relationship through the theoretical works of Karl Marx, focusing primarily on the 
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man-nature relationship in relation to production. While stating several times that the actions of 
humans are determined by the environmental conditions, which is similar to the ideas of 
Environmental Determinism, but Wittfogel also adds several times that humans may influence 
nature through production (Brandt el al., 1973: 108-123). These statements of interconnectedness 
between humans and nature, from both Wittfogel and Marx, are interesting and seem to come 
ahead of their time, seeing as Human Ecology and the ideas of the human-nature relationship that 
we know well today didn’t emerge fully till after World War II. Wittfogel focuses primarily on 
Marx’ distinctions between natural and societal production forces and their roles in the 
production process. The following figure shows the three primary elements in the production 
process; 1) the work force, 2) the working medium, and 3) the working subject. These elements 
are then divided into their natural and societal elements.  
 
Figure 7: De Tre Grundmomenter ( Brandt et al, 1973: 109) 
 
In relation to this project the aspects of this figure that will be taken into consideration when 
looking into the agricultural production in Egypt is the societal side of the workforce, focused on 
the organization and qualifications of the workers, primarily looking into the practical production 
and management. In relation to the working medium this project will look into both the natural 
forces, such as the water and soil, as well as the technologies on the societal side. The working 
subject in this project will be focused on agricultural products that have been through some sort 
of human interaction, meaning that it belongs to the societal side of the figure above. However 
when looking into nutrition we will graze the natural side of the working subject as well. It is 
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important to emphasize that though this figure seems to be a static picture of the natural and 
societal sides to production, the real picture is far from static. The historical development of 
technologies plays an important role in the development of production and the determinism of 
nature. New natural resources become available through new technologies, and the development 
of these new technologies is based on the environmental conditions (Brandt el al., 1973: 111, 118 
& 119-123). This again comes to show how Wittfogel, by using Marx, explains the man-nature 
relationship as interdependent and interconnected. They both affect each other (Brandt el al., 
1973: 111-113). It becomes clear, there are some amount of environmental determinism can be 
detected in the works of Marx and Wittfogel, but  there is also an awareness of the affect that 
humans have on their environment. This is most likely due to the importance of changes in nature 
to the development of the production processes. According to Wittfogel all historical analysis of 
production processes or methods of production must include an analysis of the natural side of the 
production elements in order to give a complete understanding of the production (Brandt el al., 
1973: 123). The work of Wittfogel in relation to the man-nature relationship and production, 
based on the theories of Marx, could easily be further explained. However the important aspect 
for this project is to understand that Wittfogel’s view of interdependence between humans and 
nature was introduced by him in 1932, and earlier by Marx, it was not a critical part of Human 
Ecology until the 1950’s.  
 
The understanding of the relationship between humans and ecosystems that we focus on in this 
project, builds upon the Ecosystem-based model and the Systems model. However focusing on 
culture differently from the Ecosystem-based model, by putting more focus on culture in relation 
to adaptation strategies and social organization and cultural systems, but at the same time 
including as a primary factor the notion that humans are an integrated part of the ecosystems. 
Schutkowski, whose work will be used for this part, is from the biological and bio-
anthropological school in Human Ecology. The ecosystem is an epistemological category in 
ecology and is characterized as “as any self-contained entity which, in a given area, encompasses 
all organisms interacting with the physical and chemical environment (…)” (Schutkowski, 2006: 
18). Here the systems concept is applied and the focus is on the interactions between the 
components of the system, including humans as a component of ecosystems. The interactions 
happen in a constant flow of material, energy and information. Emphasis is put on that “Wherever 
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human populations are part of ecosystems, they are subjected to the same cycles, regularities and 
processes of ecological sequences as are other organisms." (Schutkowski, 2006: 21). They 
participate in the flow of energy and material and are tied, through structural and functional 
relations, to the other components of the ecosystem. It is specified that humans inhabit areas are 
based on resource density and that this is a characteristic spatial distribution pattern. Humans 
have an ability to intentionally interfere with, steer and change interrelation with their 
environments through cultural and social systems. In the ecosystem humans respond to the given 
conditions and through adaptation they change these conditions. "The relationship between 
humans and their environment then appears as a sequence of constant mutual influences within a 
given system." (Schutkowski, 2006: 23). This refers to a holistic systems approach that identifies 
humans and culture as parts of the ecosystem. Humans do not just adapt to the conditions of the 
ecosystems that they inhabit, such as climatic shifts or seasonal resource scarcity, but through 
active management and strategies they actively change the ecological framework. Agriculture 
and food production can for instance be seen as such strategies that are used by humans in order 
to control the material and energy flows (Schutkowski, 2006: 25-26). It is important to emphasize 
that, similar to the abovementioned Systems Model, the ecosystems are considered open systems, 
that are not only influenced by the components within it, but also by components from other 
systems. An example of this that also relates to our project is trade and movements of goods. As 
described above humans use adaptation strategies to adapt to the changes in the environment. 
Adaptation is described as "(…) the ability of an organism to adjust to a changing environment 
such that survival and reproduction are enhanced." (Little, 1995: 122 in Schutkowski, 2006: 30). 
In relation to this project regulatory adjustments such as technological solutions are important. 
This will be further explained in relation to food acquisition.  
 
Subsistence	  and	  food	  acquisition	  	  
First it seems relevant to explain the term subsistence. In relation to Schutkowski and Human 
Ecology this term relates sufficient production for survival and reproduction, without surplus for 
trade. Subsistence strategies can thereby be understood as strategies to ensure sufficient 
production in certain environments within ecosystems. Humans that settle permanently in an area 
will typically have to employ strategies to ensure that they have sufficient levels of energy and 
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food in the long-term. Humans will in order to do this, as describe previously, intervene and 
change the energy and material flows through resource management strategies, this will result in 
different modes of production, differentiated by the ecosystem conditions.  “(…) humans develop 
a wide range of strategies of food acquisition to provide a sustainable and secure subsistence 
basis by interacting with other human groups and their environment to facilitate long-term use of 
the habitat." (Schutkowski, 2006: 45). It is important, especially in relation to this project, to 
emphasize that the food acquisition is not only determined by the conditions of the ecosystem or 
habitat (the subsistence opportunities), but also by the operative decisions made by human 
populations in utilizing the productivity of the habitat. Therefore both individual and collective 
knowledge and decisions in relation to resource management becomes important, which is 
including not only the conditions of the habitat but also the economical, familial, social and 
political conditions (Schutkowski, 2006: 46). This relates to practical potential, which will be 
introduced later in this chapter. Subsistence strategies include different food acquisition 
strategies, all based on resource utilization. These strategies of food acquisition can be divided 
into two main categories: 1) foraging, which is seen primarily in hunting, collecting and fishing 
communities. 2) cultivating, which is seen primarily in agricultural, pastoral and industrial 
societies. Some societies or communities might make use of several strategies of food 
acquisition, depending of the conditions of the ecosystem. However subsistence strategies does 
not entail equal food distribution or subsistence for the entire population. The social relations 
play a primary role in the distribution of food and therefore the ecological, technical and social 
aspects, must be taken into consideration in relation to strategies of food acquisition. In relation 
to this project it is interesting to look at the need for food for the national population, the 
production of food and the import/export. The food production might be needed to ensure 
subsistence, but it may not be used for such purpose, due to the social aspects.   
 
In relation to this project the interesting strategy of food acquisition is agriculture. Depending of 
the conditions of the certain habitat or ecosystem different agricultural techniques are developed. 
"A crucial factor of agricultural production is a reliable natural or artificial water supply (…)" 
(Schutkowski, 2006: 52). Therefore it might be necessary in some areas, where water is scarce, to 
develop techniques or technologies to ensure a consistent artificial water supply. Another 
important aspect of agricultural production is the social-political systems in which it is 
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developed, as political institutions and social organization influence agriculture through property 
rights, resource control and division of labor. And example in relation to our project could be 
resource control as control of water deliveries by political institutions, such as ministries.  
Resource	  utilization	  and	  social	  frameworks	  
As described above the utilization of resource is in large dependent on the social framework. For 
instance the development of socio-political structures is connected to the increasing control of 
resource (Schutkowski, 2006: 154). Therefore it is possible to distinguish between the bases of 
resource utilization by different entities at different levels of system activity. The division is into 
the following; family groups, local groups and regional polities. The important for this project 
being the regional polities. Within this entity we can often detect that “Subsistence is still based 
on the exploitation of rich resources, although an increasingly high technological input is aimed 
at an ever stronger independence from the original natural conditions, for example by irrigation, 
long-distance trade or market orientation." (Schutkowski, 2006: 157). The regional bodies have 
great influence on this level and central management, control of resources and social 
differentiation are common traits.  
 
Through the use of Schutkowski we have now highlighted some main aspects of Human Ecology 
that seems important to take into consideration when analyzing the problem that this project is 
based upon. Emphasis is put on humans as being part of ecosystems, functioning within it as an 
integrated component. Furthermore adaptation strategies and subsistence strategies have been 
included to give an understanding of the relationship between the environmental and social 
conditions that determines food acquisition strategies.  
 
Human	  Ecology	  today	  
Even though the basic understanding of the relationship between humans and nature in the 
project will be based on the ideas of the Systems model and the aspects introduced by 
Schutkowski, we would like to shortly emphasize the development within Human Ecology today. 
Human Ecologists today widely agree on the interdependence between humans and nature as well 
as it being a dynamic and continuous process. Today theorists attempt to specify the approaches 
to certain aspects of Human Ecology. By focusing of specific areas of interest, such as political, 
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health and adaptability, evolutionary, ecosystems and reproduction ecology, as well as Landscape 
Ecology and Historical Ecology (Little, 2007: 31-33). Further more these above mentioned 
Human Ecology approaches are today in process of being combined into new and more 
interdisciplinary approaches. Human Ecology is also known as Ecological Anthropology. 
Accordingly, Ecological Anthropology is defined as “the study of the relations among population 
dynamics, social organization, and culture of human populations and the environments in which 
they live” (Orlove, 1980: 235 in Schutkowski, 2006: 9). Ecological Anthropology is, due to the 
increasing focus on anthropological aspects in the study of the human/nature relationship, as 
anthropology itself, seen as an interdisciplinary approach (Little, 2007: 25 & 31).  
 
Historical	  Ecology	  
This interdisciplinary approach combines landscape ecology, geography, archeology, history and 
ethnohistory, as well as hydrogeology and geology, in an attempt to explain how different 
anthropogenic and natural processes in the past shapes the social structures and the environmental 
setting we see today. It is a framework for studying past ecosystems and their changes through 
time. Through this approach we can attempt to place certain aspects of ecosystems or agriculture 
in the context of prehistory (Little, 2007:31-32). Shutkowski also suggests a historical dimension 
in Human Ecology as “the significance of natural or environmental default factors for the 
development of adaptive subsistence strategies can be demonstrated for past times, in principally 
just the same way as adaptations of food acquisition can be observed today – even though 
perhaps not with the same amount of detail." (Schutkowski, 2006: 28). Suggesting that a 
historical analysis of the relations between humans and the environment may give us a greater 
understanding of adaptive subsistence strategies in through time. Specifically in this project 
Historical Ecology will be used to understand agriculture in Egypt, its irrigation technologies and 
potentials, in relation to landscape formations looking back in history, in order to make validated 
suggestions for the technology used in an agricultural expansion today.  
 
Landscape	  Ecology	  
Landscape Ecology is influenced by and based upon several different sciences, including biology, 
geography and anthropology as well as other sciences and types of ecologies (Brandt, 1999: 21). 
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Landscape Ecology focuses mainly on land use and land management in relation to landscape 
sustainability. This also includes the social and human aspects of landscapes. In Landscape 
Ecology research and analysis are aimed towards attempting to understand the complex systems 
and does not only focus on the environment or humans, but it rather focuses on a wide range of 
aspects within these (the complex ecosystem). Specifically Landscape Ecology presents a 
framework for analysis based on spatial levels and scales. Before the 1960s the spatial theoretical 
focus was primarily on the man-land-relationship in the man-land (use)-landscape complex, often 
leaving the landscape aspect out (Brandt, 1999: 23). However this focus has changed 
internationally and today the landscape aspect is also included. In 1998 the International 
Association for Landscape Ecology (IALE) put out the following statement, defining the focus of 
Landscape Ecology:  
 
“Landscape Ecology is the study of spatial variation in landscapes at a variety of scales. It 
includes biophysical and societal causes and consequences of landscape heterogeneity. Above 
all, it is broadly interdisciplinary” (Brandt, 1999: 25) 
 
This statement includes several important aspects of Landscape Ecology today. This project will 
focus on the spatial levels of human ecosystems, by taking into account that these are always 
interrelated and interdependent. When focusing on varieties in spatial patterns and structures of 
ecosystems, it is based on the understanding of the term “ecosystem” as it is explained previously 
in this chapter, where humans are included.  A variety of spatial scales will be used in order to 
understand which influences different scales have on the agricultural production.   
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Figure 8: Overview of some commonly used institutional levels and ecological scales ( Lebel et 
al, 2003: 121) 
 
On the basis of this figure we can attempt to characterize, which spatial scales that are a part of 
this project. One type of spatial scaling used is related to environmental and ecological scales. 
The primary focus in this project is on the ecosystem and the landscape scales, but may include 
references or points related to the other scales. The global, national, regional and local scales and 
their interrelations is another type of spatial scaling used in this project. “Spatial scales of social, 
political, and economic processes or variables are shaped by the area of operation, influence, or 
access rights exercised by various levels of institutions or social organization.“ (Lebel et al, 
2003: 120). This is also mentioned previously in this chapter in “Resource utilization and social 
frameworks”. For instance a global condition may have an influence on national or regional 
planning in agriculture, such as the decision of priorities, meanwhile conditions or people on a 
local scale might have an influence on the implementation that is managed on a regional scale. 
This example shows how the different scales are interrelated. Also included in this project will be 
the temporal scales of ecological systems, which are influenced by for instance the average time 
between disturbances at a location, such as the floods of the Nile. This type of scaling is also used 
in historical studies in relation to, among other aspects, technological changes (Lebel et al, 2003: 
120 & 122). Through temporal scales we can examine the temporal processes that give rise to the 
method of seasonal irrigation in Ancient Egypt. The consequences of landscape heterogeneity are 
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core elements of this project, seeing as the focus is on understanding the differences in the 
landscapes in order to determine the possibilities of expansion into the desert area, the New 
Valley. The core themes of Landscape Ecology, also from the IALE mission statement, are: 
 
1) the spatial pattern or structure of landscapes, ranging from wilderness to cities, 
2) the relationship between patterns and process in landscapes,  
3) the relationship of human activity to landscape pattern, process and change, 
4) the effect of scale and disturbance in the landscape.  
(Brandt, 1999: 25) 
 
These primary themes will be included with varying importance in this project, but the focus will 
mainly be on landscape patterns, processes and human activity. They will be used to enlighten 
different aspects of land use and management, looking into the spatial patterns and structures, as 
well as the influences of human activities on their ecosystems.  
 
In Landscape Ecology we can distinguish between three tasks. 1) The study of the landscape 
potentials that are based upon the structures and dynamics of the landscapes. 2) The study of 
historical and actual land use to explain the current interrelations in the landscape. 3) The study 
of the social landscapes, looking into the interests of the society, from which an understanding of 
and suggestions for land use management and planning can be drawn (Brandt, 1999: 26). These 
three studies are focused on different types of landscape concepts. The first one being the primary 
landscape structure and dynamics, which as mentioned above, includes the potentials of the 
landscapes. The second one being the secondary landscape, or spatial level, focused on land 
cover and land use. The last one is the study of the tertiary landscape, which deals with the social 
landscapes, in relation to landscape planning and management. These are described as being 
overlapping, which relates to them all being different spatial levels in an ecosystem (Brandt, 
1999: 26-28). This means that they should all be understood in relation to each other even if they 
are studied separately. This once again highlights the holistic approach of Human Ecology today.   
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Landscape	  sustainability	  
The concept of sustainability is described differently depending on which field you work within. 
Within economics sustainability is described as “(…) the ability to keep a territory's long run 
competitive positioning.” (Brandt et al., 2013: 3). Whereas historically it is related to carrying 
capacity and focused on exploitation and management. Here sustainability is described as using a 
resource in a way that does not majorly limit or enable its renewal. This concept of sustainability 
most often focus on one resource at a time, even though many resources can be present in the 
process. This is due to the understanding that every resource has its own carrying capacity and 
must therefore be researched separately. The modern concept of sustainability however focuses 
on the inter-linkages between different resources and their carrying capacities. The interest of the 
modern concept thereby lies on the overall sustainability, as sustainable use of a territory’s 
resources, this being both human and natural, which are seen as a result of the positive and 
negative effects of the carrying capacities (Brandt et al., 2013: 3-4). With this conceptual 
framework of sustainability we can study landscape management and landscape heterogenization. 
Within the modern concept of sustainability in Landscape Ecology the term landscape 
heterogeneity was developed as a mean or a tool to reach overall sustainability in a landscape and 
a balance between humans and nature in a territory. In this project we will focus on the modern 
concept of sustainability in relation to agricultural land use and technologies, and will be basing 
our project upon the concept of sustainability as being concerned with “(…) the dynamic 
interactions between nature and society.” (Wu, 2006: 2). It is important to emphasize that 
landscape sustainability today stresses the importance of the knowledge that the systems we work 
with, being natural or human, are complex systems, which have complex reaction and are 
interdependent. Therefore research and studies should be place-based, case oriented, 
interdisciplinary and focused on adaptive management (Wu, 2006: 3). The following figure sums 
up what have been described above, both in relation to Landscape Ecology and landscape 
sustainability (ibid.):  
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Figure 9: A hierarchical and pluralistic view of landscape ecology and its relationship to 
sustainability science (Wu, 2006: 3) 
Potentials	  	  
Based on the explanation of Human Ecology above this part will explain a methodological 
framework for the assessment of agricultural potentials in relation to production. The term 
“potential” is here used to describe the production possibilities of a certain area, and in this 
project with certain irrigation schemes. This methodology is also known as a human ecology 
description method. The parts of the framework that will be actively incorporated into this project 
are the systematic descriptions of the production conditions (Brandt & Rasmussen, 1979: 19 & 
62). 
 
1. The theoretically ecological potentials 
a. Environmental conditions 
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b. Environmental-social conditions 
c. The actual environmental potentials for agriculture 
 
2. The practically ecological potentials 
a. Social conditions 
b. How the theoretically ecological potentials are utilized 
 
The focus will be on determining the theoretical potentials of agriculture through different ways 
of getting water for irrigation (irrigation technologies). Focus as explained previously in the 
project, will be on seasonal irrigation, permanent irrigation, created by dams and canals, and the 
use of water wells. The theoretical potential is based on the environmental conditions and the 
agricultural methods/techniques available. In order to determine the actual potential of such 
irrigation technologies in Egypt today, we will look into the practical potentials of the 
technologies. The practical potential is the utilized part of the theoretical potential and is 
determined by management efficiency and the social/political conditions (Brandt & Rasmussen, 
1979: 62-68). 
New	  Valley	  project	  
The New Valley project dates back to 1959, where the former president Gamal Abdel Nasser's 
instructions were carried out. His view was to create a valley in the Western Desert, and this 
valley should be parallel to the Nile. The construction strategies, which were implemented in the 
era of president Gamal Abdel Nasser, were integrated. However, the project was never 
completed. A New Valley inhabitant, Youssef el-Haddad, explains here the difficulties in the 
early period of The New Valley: "In the early years of living in the New Valley we faced many 
difficulties, such as leaking pipes, lack of transport and a shortage of drinking water. However, 
we were a great team and life was safe." (Al Bawaba, 2011: 1, line 21-23). It is described that the 
project was a success to begin with. People moved to the New Valley and had an ambition to 
develop the desert and thereby create a prospective area. The people who moved to the area were 
provided with agricultural land, houses, tools and also equipment for cultivation. The project was 
not completed and the construction process stopped before it reached some areas in the west and 
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south. Here are two aspects described, which affected the constructions. President Gamal Abdel 
Nasser's death in 1970 had an effect on the project, and other factors such as economic conditions 
also had an effect on the completion of the whole New Valley project (Al Bawada, 2011: 1).  
 
Because of his death President Nasser was not able to complete the project and his passing did 
change the political situation within the country. President Nasser was the president behind the 
project from the beginning and his support was necessary in order to support the project 
economically (Al Bawada, 2011: 1). In the picture X below the New Valley project is visible. It 
starts in the South of the New Valley Governorate (picture X), following the Oases to the 
Mediterranean Sea in the North. 
 
Figure 10: The New Valley Governorate (http://en.wikipedia.org/wiki/New_Valley_Governorate) 
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 Picture 11: The New Valley Project (http://althistory.wikia.com/wiki/Egypt)   
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The	  plan	  from	  1997	  
President Hosni Mubarak, who was president of Egypt from 1981 to 2011, made an ambitious 
scheme in 1997 in order to create a new delta parallel to the Nile Valley. During the 1990s, 
astronauts orbiting the earth noticed several vast lakes appearing in areas west of the Nile Valley 
(Lewis, 2011). Because the government was only able to release a certain amount of water 
through the Aswan High Dam into the river Nile, it was therefore necessary to release water from 
Lake Nasser to outrun the danger that the lake would overflow. This water was released into the 
Tushka depression, where it in the first place evaporated (Heise, 2011). The planners hoped to 
recharge underlying aquifers and to establish a new, more productive area, when they created the 
new Tushka desert lakes. In 1997 President Hosni Mubarak used that water in order to fulfill his 
ambitions. The plan was to build this new delta over the following 20 years, with a completion in 
2017. The New Valley, according to the former Egyptian government is supposed to increase 
Egypt’s agricultural land by 10 % and to provide new living space for up to 16 million people by 
2020 (Lewis, 2011). The contstuction of a new canal, called Sheikh Zayed Canal, was started. 
This was in order to pump water from Lake Nasser through the Sheik Zayed Canal, and thereby 
irrigate the desert land in the area. It is estimated that there would be a development of 500,000 
feddans of land in 2000, parallel to the Nile Valley (Oxford Analytica Ltd, 1997:1). 
 
Situation	  from	  2012	  
The project has not been able to live up to the plan. It is described that there is a blue sign, on a 
lane road between the cities of Aswan and Abu Simbel, which reads: “Welcome to the New City 
of Tushka” (http://www.thenational.ae) There is though only vast empty desert on either side, 
which stretches for miles. This metaphor gives an indication of the situation in the area today. 
The New Valley project should have been the answer to the growing population in Egypt, and 
thereby the lack of space. It should at the same time also help against the food shortages and 
unemployment problems, but the project has not been able to succeed in relation to the set goals 
and expectations. There are today, in 2012, only 21,000 hectares of farmland, which is less than 
10 percent of the aim (http://www.thenational.ae). It looks like realizing this project is highly 
uncertain. The lakes are already in trouble, because only relatively little water is flowing down 
into the underlying aquifers. Most of the water gets lost due to the intensive evaporation that 
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characterizes the region. Also the lakes are quickly becoming salty, threatening the fresh-water 
fauna that immediately established itself (Lewis, 2011). Although a part of the big New Valley 
project has already been constructed in the South of Egypt. This part project is called the Tushka 
Project. 	  
The	  Tushka	  Project	  
As mentioned before the Tushka Lakes were created when water from Lake Nasser was led into 
the Tushka depression, in order to keep the water level in Lake Nasser within the safe storage 
zone. The Tushka depression is an area of land lower in elevation than Lake Nasser and even 
lower than the river Nile. The depression is located to the west of Lake Nasser in an area between 
latitudes 22º N and 24º N and longitude 30º E and 33º E (Senosy et al. 2008: 2). Picture XXX 
shows Lake Nasser to the East and the Tushka Lakes to the west. 
 
   Figure 12: The location of the Tushka Lakes (Senosy et al. 2008: 3) 
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It is visible in the picture above that the excess water from Lake Nasser formed five lakes across 
the lowland area. The first lake emerged in 1998 and covers an area of 400 km², with a lake stage 
of 172 m above mean sea level (amsl). Three more lakes were formed in the year 2000 with a 
total area of 750 km² and lake stages decreasing from East to West with 162 m amsl at the second 
lake to 147 m amsl at the fourth. The fifth lake has a stage of 144 m amsl. All five lakes together 
cover an area of 1,300 km², which is more than 20 % of Lake Nasser at its maximum capacity. 
The Tushka project is a part of the bigger scaled New Valley project and aims, in the first stage, 
to reclaim about 540,000 feddans (2,268 km²) of the western desert, in order to increase the 
inhabitable land from 5 % to 25 %, using 10 % of the country's allotment of water from the Nile. 
As seen before the project involves the installation of high technologies and the construction of 
the world’s largest pumping station, known as the Mubarak pumping station. This station is 
supposed to carry the Nile water from Lake Nasser into a 300 km long canal, all the way up to the 
Kharga Oasis. The water gets pumped into the Sheikh Zayed Canal and then distributed into four 
branches, as seen in Figure XXX1 below. Branch 1 in order to irrigate 756 km² and branch 2 to 
irrigate 336 km² towards the North and branch 3 to irrigate 420 km² and branch 4 to irrigate 756 
km² towards the West and South-West. The project also aims to supply 20 to 44 villages as part 
of 27 agricultural communities. Until now, up to 200 groundwater wells have been drilled in this 
area to be operated just in case they were needed (Senosy et al. 2008: 1). 
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Figure 13: The branches 1 to 4 in the Tushka project 
(http://atef.helals.net/mental_responses/water_resources/southvalleydevproj.htm) 
 
The second key element, the Sheikh Zahed Canal stretches 50 km westwards from the Mubarak 
pumping station, which is the first key element, visible in the pictures below. With an additional 
22 km of canals it is branching out into the four areas mentioned before and visible in the figure 
above. The canal is 30 m wide at the bottom and 54 m wide from bank to bank, as well as 8 m 
deep (Senosy et al. 2008: 4). 
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Figure 14: Mubarak pumping station  Figure 15:  Sheikh Zahed Canal 
(http://www.panopticon.no/projects/vis/135/1/)        (http://www.panoramio.com/photo/21262887) 
 
 Figure 16: The location of Mubarak pumping station, the canal and the spillway from Lake 
Nasser (Senosy, et al. 2008: 4) 
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The concept of the Tushka project is to use the natural Nile overflow as a model. Pumping the 
water from Lake Nasser into the Tushka region and carrying the water, with the help of gravity, 
hundreds of kilometers into the desert via a canal or pipeline on a permanent basis. (Senosy et al. 
2008: 3). 
Seasonal	  irrigation	  in	  Egypt	  
The Holocene period is a geological period starting 8000 BC. The soil were unweathered and 
uneroded in this period, and people lived of fruits of the land without physical tools or effort.  
(Howell & Allan, 1990: 7-8). It is argued, according to radiocarbon dates and archeological 
surveys, that the early agriculture diffused to Egypt was bought there by invaders from Asia 
(Butzer, 1976: 4). This resulted in a general agricultural change, which happened around 5000 
BC when the first artificial irrigation started in Egypt. “The first agricultural activity in Egypt 
took place by the population sowing seeds on this land watered and fertilised by the natural 
floods” (Howell & Allan, 1990: 42, line 13-14). This shows a total dependence on the natural 
floods. These natural floods came seasonally in Egypt, and this was thereby seasonal irrigation 
because of the dependence on seasonal floods. 
 
The period of seasonal dependence to agriculture, and thereby seasonal irrigation, continued until 
the completion of the high Aswan Dam “Following the completion of the high Aswan Dam, with 
its enormous storage capacity, the concept of timely water was no longer relevant and closer 
attention was paid to total annual water use (Howell & Allan, 1990: 42, line1-6). The main 
interest in accounting for Nile water was for so called “timely water” until the completion of the 
high Aswan dam. The “timely water” is defined as the water required from the period from 
February to July. The natural river flows were in some years insufficient to meet the demands in 
this period (Howell & Allan, 1990: 42). The possible amount of annual crops was, in the period 
of seasonal irrigation in Egyptian history, dependent on the Nile flood. The Aswan Dam did later 
enable the variations of the Nile flows from year to year to be evened totally out. It is seen how 
the irrigation of the Nile went from seasonal irrigation with only a part of the year where it was 
possible to grow agriculture, to a permanent irrigation (Howell & Allan, 1990: 41) So seasonal 
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irrigation enables agricultural production for a limited period of time, compared to permanent 
irrigation, and the possible food produced in a year is less than the permanent irrigation because 
of the time aspect. The technical effects of when the flood at the Nile overflowed its banks, in 
ancient Egypt, is here explained ”In ancient times the Nile in Egypt at times of flood overflowed 
its banks and inundated large areas of adjacent land. When the flood abated the river returned 
to its main channel leaving behind it a layer of silt on the now uncovered land” (Howell & Allan, 
1990: 42, line 11-13). Here is seen how the flood did transport the silt, and leaved it on the later 
uncovered land. This amount of silt is lacking under permanent irrigation, which are causing a 
need for fertilizer during a period of permanent irrigation. This need of fertilizer during periods 
of permanent irrigation, are not the present during a period of seasonal irrigation.  
Here is explained parameters for the amount of area cultivated each year, and thereby also the 
parameters for annual amount of crops “The area cultivated each year varied depending on flood 
levels, food demands and labour activity” (Howell & Allan, 1990 : 43, line1-4). Flood levels are 
a natural aspect, which have been influenced during the Egyptian history by technological 
inventions. These technological inventions were logically created in order to control the flood 
height control better, in order to meet the demands from the population. Food demands and 
labour activity are both social aspect. This quote is included in order to describe the parameters 
for the amount of cultivated area each year, and thereby show the interdisciplinary importance in 
order to analyze and understand the amount of cultivated areas each year. The two aspects of 
food demands and labour both relate to society and are thereby important to the practical 
potential, where as the natural aspects of the whole system create the theoretical potential.   
 
Here is a detailed description of the agricultural season in Egypt. It is written by 
Herodot, who lived form 484 BC to around 430 - 420 BC, and it’s a firsthand 
description from him-self.  
 
“From the moment I will willingly admit, that they wins crops from the land with less trouble 
than other people, and especially compared to the other Egyptians. They make no trouble about 
breaking the furrows with the plow or digging or any other work, which other people are doing 
at the cornfields; but the flood is rising by itself up over their fields and watering them, and when 
it have watered them, then it with go back again, and then everybody will wound their fields and 
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take their pigs out on it. Then when he, with the help from the pigs, have got the seeds trampled 
down. Then he will from that moment wait calmly for the harvest to come; then he will let his pigs 
tramp down the seeds and thereby get the corn home in the barn.“ (Brandt & Rasmussen, 1979: 
17, line 16 -26). 
Herodot explains that they do it with less trouble than other people. This clearly shows that the 
irrigation around the Nile was easier in this certain aspect, than other places in Europe at this 
period. 
Figure 17: Circular agricultural schedule for the Nile floodplain (Butzer 1976: 49) 
	  	  	   43	  
The agricultural schedule of Nile floodplain, from 1000 - 1800 AD, is explained in the model 
above. This model is showing when the different kind of crops are created and harvested and 
compares them to the 3 flood related periods. The schedule is divided into 3 periods; Flood, Post-
Flood and Pre-Flood. The flood period is starting in middle August and is lasting until around the 
10th of November, which is a period of around 2 months and 20-30 day. The post-flood period is 
lasting from around 10 days within November to around 20 days within March, which is 
approximately 4 month and 10 days. The pre - flood period is starting around the 20th of March 
and is lasting until middle of August, which is a period of almost 5 months. The wheat season is 
starting around 1 month and 10 days before the end of the flood, and is continuing until the 
middle of marts, which is the beginning of the pre- flood period. Wheat was, together with other 
cereal grains (Barley) and vegetables (beans, chickpeas), the primary subsistence. They were 
planted in the flood basins during early winter, were also flax was planted. Flax is a primary 
source of textile fiber. 
 
A second flood basin crop of vegetables (onion, lentils = and fodder (Egyptian clover or bersim, 
fenugreek) was subsequently planted in the summer, but only if the irrigation was available. This 
also helped to regenerate soil fertility and providing livestock feed. Sugar, cotton, and rice, which 
were grown mainly in the Delta area, were introduced early in the Islamic period. (Butzer, 1976: 
50). The Nile would rise to full stage in mid- august, under natural conditions. The water would 
then spread out through major and minor overflow channels or by breaches across low levees, to 
spill over into successive flood basins. The flood is naturally moving northwards, and the last 
northern basins would be flooded four to six weeks later. (Butzer, 1976: 17). The flood season, 
before the development of the first dams, was lasting around 3 months. This is also described by 
the Herodot “Where the Nile after solstice is running heavily down in a timespan of 100 day” 
(Brand & Rasmussen, 1935: 130, line 16-18). He thereby described that the flood lasted 100 
days. 	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Analysis	  of	  seasonal	  irrigation	  
This chapter will analyze aspects and consequences of seasonal irrigation. The Nile flood is 
essential to the seasonal irrigation, as described in the seasonal irrigation chapter, and the 
different aspects and consequences of flood level will be analyzed. It is in general described that 
the period of when the Nile Flood started and ended is more predictable and reliable than any 
other world rivers. This is because of the multiplicity of its water source in sub- Saharan Africa, 
and also because of the basic regularity of the monsoonal rains. The flood height though was not 
predictable and reliable, and the measurements and the historical records of the Nile flood level 
or volume since 622 A.D. shows a substantial degree of short and also long term variability. 
(Butzer, 1976: 41). The table of the flood heights from 3050 BC to 2450 BC is also showing a 
non-predictable and reliable tendency (Howell & Allan, 1990: 31). Thereby can be concluded a 
clear variability in the flood level, and thereby the existence of low and high floods.  
 
The following figure 18 shows the height of different floods in the period from 3100 to 2500 BC. 
This table is used within this paper, in order to give a view on the different flood heights. It will 
be possible to see the range between the highest and lowest floods. It will at the same time be 
possible to see the average of the floods, and compare them to the interval of flood heights. 	  
 
Figure 18: Range of ancient Nile Floods, 3100 BC – 2500 BC  (Howell & Allan, 1990: 31).	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The highest observed flood height in this period is approximately: 4.25 m. The lowest observed 
flood height in this period is approximately: 0.75 m. The average is starting at around 2.75 m, and 
is then falling to around 2 m in year 2900 BC. The average becomes stable after this, and stays 
approximately stable all the way until around year 2475 BC.  	  
It is described how the Egyptian state, from its beginning in 3050 BC, had produced a unique 
source of records. The ancient Egyptians have “Regularly measured the height of the maximum 
flow and recorded it in their royal annals” (Howell & Allan, 1990: 9-10, line 24-1). The different 
dynasties within the history of the Egyptian state are shown in the graph. The graph starts from 
3050 BC, where the first observations from the royal annals took place, and this graph can be 
estimated to be from the royal annals. It has not been possible to find the actual methods, which 
were used to measure these heights. It has at the same time also not been possible to totally 
understand where the measurements specifically are from within the Nile. This could maybe be 
because of the age of this information. The information can though be used to compare the years 
relatively, and to see the interval between the different year. It can at the same time be possible to 
see the highest and lowest flood height within this relatively long period. It would be interesting 
to see the amount of produced crops within the specific years, and then compare them to the 
flood height. It has though not been possible to find the amount of annual crops in the specific 
years and in the period in general. This could be because that the period is relatively old, and the 
possibilities for measuring the amount of annual crops in whole Egypt were more difficult than 
today.  	  
Population growth can be seen to have changed dramatically in the period from seasonal 
irrigation to permanent irrigation, but population changes have also occurred within the period of 
seasonal irrigation. The following table shows the population development in Egypt in the period 
of seasonal irrigation, compared to the natural irrigation period, the transition period and the lift 
irrigation period: 	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Figure 19: Estimated population growth in ancient Egypt, compared to natural irrigation, 
transition and lift irrigation (Schutkowski, 2006: 193) 
 
It can be estimated from this table that the usage of lift irrigation gave an incentive for a higher 
population capacity. The population change in the period of seasonal irrigation can also be 
estimated to be because of an irrigation technological aspect. The technical aspects of lift 
irrigation made it possible to cultivate the high-lying levees and summer crops. This was not 
possible before lift irrigation (Butzer, 1976: 108). There are though also other aspects, which are 
important to the population changes and growth in the period of seasonal irrigation in Egypt. 	  
The quote from the historian Herodot, which is shown early in this chapter, is describing that 
people in Egypt in this period wins crops from the land with less trouble than other people. This 
shows a general relative easiness, compared to the places Herodot have seen before. 
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High	  flood	  
In this chapter will be explained the effects of a high flood and the consequences for the 
population. “Excessive floods, such as those of A. D. 1818 - 19, were an occasion of terror and 
massive rallying of the rural populace” (Butzer, 1976: 51, line 17-19). This excessive flood 
tended to destroy the transverse dikes that subdivided basins and to raze settlement sites. Another 
consequence was a destruction of food stores. A central consequence, in perspective to the 
seasonal irrigation, was endangering seed stocks for the next planting season. An exceptionally 
long flood period would favour plant parasites in the soil. It is described that these exceptionally 
long periods of flooding could reduce the crop yields in a significant manner. It will at the same 
time delay the harvest until April (Butzer, 1976: 51). 	  
The continuous artificial levees, which could be able to control the floods, were not available in 
Herodots days. It was therefore not possible to completely control the floods, like with the dams 
today, and this had big consequences for the high flood. There is only described one alternative 
solution “The only alternative solution would have been to raise dikes around settlements and 
temple storage complexes and to remove herd animals to the desert margins before it was too 
late” (Butzer, 1976: 51,line 21-24). 
Low	  flood	  
Here is explained the effects of a low flood compared to amount of irrigated land “So for 
example, the poor flood at A.D. 1877 was only 2 m below average, but it left 35 % of the Nile 
Valley unirrigated (Butzer, 1976: 53, line 1-3). This gives a notion about the relation between a 
low flood and irrigation. An estimate of the consequences for a flood under average, in relation to 
amount of irrigated land, can thereby be done. This does not show an exact relation between 
floods under average and the amount of the Nile Valley that thereby will be unirrigated. This is 
because of other factors there are important to the amount of the Nile Valley that will be 
irrigated.  
There exists some pessimistic literature from about 2250 - 1950 BC, which are called 
Lamentations. The human impacts of low Nile floods are described in these texts. There are in 
these texts described a lot of human impacts from these inadequate floods, which are general 
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poverty, mass death, reduce birth rates, civil wars. It is also described that these inadequate 
floods, had the effect that the crops would be rotting. So these inadequate floods had an effect on 
the seasonal irrigation, and also human impacts as described before. These seasonal irrigation 
aspects and human aspect were closely interconnected, because that the changes within one of the 
aspects would affect the other aspect. It is though described that these crops failures were not 
only a consequence of poor inundation, but were also because of lacking husbandry in aspects of 
development and technology (Butzer, 1976: 54). 
Analysis	  seasonal	  irrigation	  and	  society	  
This chapter will analyze the irrigation, with a social view and thereby mainly with a 
practical potential. Seasonal irrigation has, as described before, a potential amount of annual 
grown crops. The amount of grown crops should also be put into another perspective. This 
other perspective is society, and thereby food demand and labor. This quote explain some of 
the parameters of the annual crops produced, and is also used before in this paper “The area 
cultivated each year varied depending on flood levels, food demands and labor activity” 
(Howell & Allan, 1990: 43, line 1-4). The annual area cultivated can also be related to social 
aspects of social status and power, which are aspects that are affecting the labor activity. The 
pharaohs, kings and the leaders of the country in general would naturally have an interest in 
earning profit from the agricultural production, which is dependent on the working population. 
This aspect can be analyzed with a very long analysis of these aspects of power compared to the 
annual produced food. We choose to not consider these aspects in a deep analysis, but 
instead to consider the individual worker to be valuable for the ruling part of the society. It 
will be in interest for the ruling and powerful part of the society to produce enough food for the 
working part of society to survive. It is clearly described that  “it can hardly be 
overemphasized that a Nile failure or serious proportions would lead to widespreas 
starvation, wholesale destruction of livestock, and pressure on essential seed stocks” (Butzer, 
1976: 53, line 6-9). If these Nile failures of serious proportions continued over several years, 
then marginal lands would be abandoned, with attendant social problems in the areas of 
relocation. This will also result in a soaring mortality, because of these problems that are caused 
by this low Nile flood. A total economic disruption and massive depopulation could be 
unavoidable. (Butzer, 1976: 53).  
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Figure 20: Population growth in Egypt, 4000 BC to 1430 AC (Howell & Allan, 1990: 
43) 
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Figure 21: Population number in Egypt (own illustration based on the data above from Howell & 
Allan, 1990: 43)	  	  
This table is showing the development in total population. The highest population within the 
period; 4.92 mill, 150 BC. The highest population number within this period of 5430 years is 
4.92 million. This number is found from some specific chosen years in the period. It can for 
this reason not be excluded that other specific year could have a higher population number. The 
highest population number from the years observed can thereby be an estimate of the highest 
population amount in Egypt in this period. The irrigation throughout the whole period was 
seasonal irrigation, and the maximal population number within the period can therefore be an 
estimate of the population potential during a period with seasonal irrigation in Egypt. Other 
aspects, as mentioned before, are important to the actual amount of produced crops. So the 
population number cannot clearly show the potential of seasonal irrigation, but only give an 
estimate. 
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Part	  conclusion	  	  
It can be concluded that the artificial irrigation started at approximately 5000 BC in Egypt. This 
irrigation was seasonal irrigation, because of the seasonal differences made by the 100 day flood. 
The flood came approximately at the same time every year, but the height of the flood was 
variable from year to year. The seasonal irrigation calendar can be divided into 3 main periods, 
and this created the main aspects of the crops grown during the annual period. It can be 
concluded that no crops (besides cotton) were grown during the flood period. It can be concluded 
in general that seasonal irrigation is having a lower potential for annual amount of crops than 
permanent irrigation. This is because of the relative limited amount of annual times it is possible 
to grow crops in a period of seasonal irrigation, compared to periods of permanent irrigation 
where it is possible to grow crops all year. The irrigation, which was around the Nile area, can be 
concluded to be with less trouble than other places at the same time in aspects of labour, as long 
as the flood level was not too high or low. This is because of the flood, which is “rising by 
itself”. This high dependency on the flood level can be concluded to have been essential for the 
production of crops, and thereby also essential to the population of Egypt. A season of a too high 
flood or too low flood can be concluded to have essential consequences for the population. These 
consequences are because of a possible lack of food. This can lead to widespread starvation, and 
big economical decline. This is all having consequences for the demographic development, and 
land that before have been used for agriculture can be abandoned. The population numbers have 
been analyzed in a period from 4000 BC-1430 AD, and the highest population number, by our 
information, 4.92 million people in 150 BC. The highest population number for this period can 
give an estimate of the potential of population in Egypt during a period with seasonal irrigation.  
The Egypt population is today at around 85 million people. The relative high population growth 
and thereby population potential which have been seen in the last 100 years in Egypt, came after 
the development towards permanent irrigation. 	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SWOT	  of	  seasonal	  irrigation	  	  
 
Figure	  22:	  SWOT	  analysis	  of	  seasonal	  irrigation	  (own	  illustration)	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Permanent	  irrigation	  and	  Dams	  	  
A first major change in the agricultural history of Egypt took place under Muhammad Ali (1769-
1849), a commander in the Ottoman army and Wãli of Egypt and Sudan. Wãli is an 
administrative title, which was used during the Ottoman Empire (1299-1923) to designate 
governors of administrative divisions. He had a vision of Egypt to become a powerful, modern 
and well-known country. He is in fact the founder of modern Egypt, due to his dramatic reforms 
in the military, cultural and economic institutions. Muhammad Ali introduced permanent 
irrigation and replaced the former basin irrigation during the 19th century. The consequences 
were dramatic changes in the structure of agricultural production (Ibrahim, 2003: 123). Moving 
from seasonal irrigation to all-year-around irrigation made it possible to have two harvests 
annually. This of course changed the way water was managed. More water was needed to 
produce a certain amount and a certain sort of crops all year long. Especially cotton became of 
high value because of the perfect conditions along the Nile Valley. Muhammad Ali tried to open 
up the British market for Egyptian cotton. For that purpose and in order to tame the Nile, he gave 
orders to build a Dam. In 1840 the Kanater Dam was built at the entrance of the Nile Delta 22 km 
north of Cairo, to prevent the area from floods and droughts (Abou-Mandour, 1995: 8). In order 
to provide enough water for agriculture, three more dams were built on the river Nile and were 
completed in 1902 (Ibrahim, 2003: 124-125). The Dams were able to hold back enough water to 
prevent the Nile Delta from major floods, which of course would have had a negative impact on 
the amount of production of the crops grown along the river and on the people living along it. But 
whenever there was a shortage of water, the Dams were not able to build up a reservoir and 
release a certain amount of its stored water to prevent the agricultural fields from drying out and 
the agricultural production from not having enough water to grow the crops. One of the three 
dams built along the river Nile which were mentioned before, is the Aswan Dam. The now called 
low or old Aswan Dam was completed in 1902 near the city of Aswan in south Egypt. During the 
times many constructions of Dams followed, but in 1956 the Egyptian president Gamal Abdel 
Nasser (1918-1970) claimed interest in building a much higher dam in order to tame the river and 
provide his country with Hydroelectricity, generated by the movement of water. The Aswan High 
Dam (Picture 1), known as Al-Sadd al-Ãlí, was completed in 1970 and was finally able to control 
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the annual floods and store enough water, in order to release the needed amount during dry 
periods. It was now possible for the farmers to grow an enormous amount of crops all year long 
without the fear of a bad year due to floods or droughts.   
 
 Figure 23: The Aswan High Dam (Source: http://www.egypttourinfo.com/aswan-high-dam.html) 
The water stored at the Aswan High Dam created a massive reservoir, known as Lake Nasser 
(Picture 2 and 3), the world’s largest man made lake. This project allowed the Egyptian 
government to fulfill its programme of horizontal land expansion. By using the stored water, a 
reclamation, irrigation and cultivation of around 2 million feddans was possible (Abou-Zeid&El-
Shibini, 1997: 211). A feddan is an Egyptian unit of area equivalent to 0.42 ha.  
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Figure 24: Lake Nasser (1) (http://www.eosnap.com/tag/aswan-high-dam/) and Figure 25: Lake 
Nasser (2) (www.utdallas.edu/geosciences/remsens/Nile/LakeNasserMap.html) 
 
Storage facilities like The Aswan High Dam capture water in a reservoir and are able to release it 
in order to meet needs such as electricity, flood control, fish passage, irrigation, navigation, and 
recreation (ICOLD: 2013). Special turbines within the Dam use the power of the streaming water 
to produce electricity (Picture 4). In the case of the Aswan High Dam production started in 1967. 
The produced power is about 2.1 million MW and is providing electricity for around 4500 
villages in the countryside of Egypt (Abou-Zeid & El-Shibini, 1997: 212). 
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Figure 26: Power Plant of the High Aswan Dam (http://en.wikipedia.org/wiki/Aswan_Dam)  
Analysis	  of	  permanent	  Irrigation	  and	  Dams	  	  
After permanent irrigation was introduced and many Dams had been constructed in Egypt, the 
agricultural production grew and in 1961 the area of cultivation reached its maximum at 2 million 
feddans. Although in 2001 there were only 720.000 feddans left in Egypt (Ibrahim, 2003: 125). 
The major changes in agricultural production did not only have positive outcomes and the 
consequences they provoke are affecting many different fields. So the analysis part of permanent 
irrigation and dams is going to focus on the positive as well as on the negative consequences of 
interfering into a complex water system, such as the river Nile. New technologies brought a way 
of producing more food and thereby increased the population. The case studies that will be 
focused on in this project are chosen by their relevance in relation to the problem and problem 
definition. One of the chosen case studies is the Aswan High Dam. Especially Dams are harming 
the natural flow of a river and are interfering the system, not only on a larger scaled level but also 
on a very profound level. Although the reservoir behind the Dam, known as Lake Nasser, brought 
up a lot of positive aspects, many people were forced to move their homes due to the enormous 
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mass of water. A major problem for the agriculture in Egypt is the loss of silt. Due to the Dam,  
the silt which is providing the soil with nutrients, cannot flow downstream. Therefore the use of 
fertilizer is inevitable, in order to keep up the production quantity. Although using fertilizer in a 
wrong way is harming the soil as well. In some parts along the river they managed to use the new 
gained technologies in order to use the water more sustainably. The second case study is 
concentrated around the area of the Delta and perfectly shows this development towards 
sustainability. This case study will primarily be based on a field research report by Ramchand 
Oad and Rajab Azim from Colorado State University published in 2002. The field study was 
focused on the Delta region of Egypt with pilot locations chosen in relation to rice cultivation. 
Focus was to test if a participatory irrigation management approach could possibly increase the 
efficiency of the canal-based permanent irrigation system. The thesis was that rice production in 
short-season periods could cut water usage substantially. We include such a case study in this 
project, as it is a great example of how permanent irrigation, through a controlled water supply, 
created by the dams, can make agriculture more efficient in Egypt. By installing dams and 
controlling the amount of water that flows through the northern part of the Nile (north of the 
Aswan dam) it is possible to manage the amount of water used for growing certain crops. Not 
only does this mean that crops are not limited to certain seasons, like with seasonal irrigation, but 
it also means that it is possible to study management efficiency with the goal of maximizing such 
efficiency for agricultural production. This case study aims to show the potentials of permanent 
irrigation, focusing on efficiency through water and irrigation management in the Delta area of 
Egypt. 
 
Analyzing	  the	  impacts	  of	  the	  Aswan	  High	  Dam	  
The Aswan High Dam, is the largest dam in Egypt with a height of 111 m, a length of 3.830 m, a 
base width of 980 m and a spillway capacity of 11.000 m²/s. The dam is considered to be an 
embankment dam, which means that it is made from a compaction of various compositions of 
soil, such as sand, clay and/or rock. The central section or core is composed of an impermeable 
material to stop water from seeping through the dam. The core can be of clay, concrete or asphalt 
concrete. The Dam is located just south of the city of Aswan at 23º58´14´´ N and 32º52´40´´ E. 
 
	  	  	   58	  
Figure 27: Location of the Aswan High Dam in Egypt (http://www.dailykos.com 
/story/2010/02/17/838079) and figure 28: View from top on the Aswan High Dam 
(http://en.wikipedia.org/wiki/Aswan_Dam) 
 
Since the Dam was completed in 1970 it stored up a huge reservoir known as Lake Nasser. The 
reservoir has a capacity of 157 km³, a surface area of 5.250 km², a length of 550 km, a maximum 
water depth of 180 m and a maximum reservoir width of 35 km. The following picture, taken 
from out of space, shows the gigantic scale of Lake Nasser, visible in the bottom right corner. 
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Figure 29: View on Lake Nasser from space (http://history.nasa.gov/SP-4225/sts81/photo/sts-81-
photo-51.htm) 
 
The water storage in Lake Nasser fluctuates seasonally from year to year, since it gets its water 
from the untamed river Nile coming from the south. The highest recorded water level was 182 
meters above sea level (masl) in November 1998 and the lowest water level was 158 masl in July 
1988 (Senosy et al. 2008: 4). The following table shows the hydrological characteristics of Lake 
Nasser. It describes the storage zones, from dead storage which goes from the bottom of the lake 
level to 147 m , into the Live storage from 147 m to 175 m, into the Flood control from 175 m to 
178 m and finally into the Surcharge zone from 178 m to 183 m. It shows as well the storage and 
the accumulated storage for each of these storage zones. 
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 Figure 30: Hydrological Characteristics of Lake Nasser (Senosy et al. 2008: 4) 
 
The following plot displays the fluctuations of Lake Nasser water level from 1964 until 2005: 
 
 Figure 31: Fluctuations of Lake Nasser water level (Senosy et al. 2008: 4) 
 
This analysis is going to focus on pointing out the positive effects and the negative consequences 
of the Aswan High Dam in comparison to the people, the economy, the environment and 
especially to the agriculture in Egypt. It also needs to be considered that the impacts, which the 
dam is provoking, are related to each other and interfering each other. Until dams become 
operational their impacts are not certain. Even the best environmental impacts assessments can 
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forecast only up to 70 % maybe 75 % of the actual impacts the dam is going to have. For an 
average constructed dam, between 40 % and 50 % of impacts, positive and negative, are not 
correctly identified (Biswas & Tortajada. 2004: 39). One of the first positive effects due to the 
construction of the Aswan High Dam, is the control of the floods in the Nile basin, from the dam 
itself down to the Delta where the river gets divided into two branches and floats into the 
Mediterranean Sea. From 1970 on, the dam protected the downstream Nile valley from several 
droughts and floods, which would have led to big economic catastrophes. As for example the 
potentially catastrophic impacts of a prolonged drought from 1979 to 1986 or the following high 
summer flood of 1988, which had devastating effects on the upstream Nile basin country Sudan. 
Even though Egypt was close to feel the catastrophic effects of the 1988 drought, when the water 
level in the lake Nasser went dangerously low (Biswas & Tortajada. 2004: 46). Due to the 
enormous reservoir, more water can be released in order to keep the Nile water level stable 
during dry periods. This long-term or continuous storage policy secured an annual water quota of 
55.5 km³ for Egypt. The previous mean annual quota was 48 km³, of which at least 22 km³ had to 
be released to the Mediterranean Sea during the flood period from August to November (Abou-
Zeid & El-Shibini, 1997: 210). The following graph shows the annual water balance of the river 
Nile downstream of the Aswan High Dam. A water quantity of 55 billion m³/year is flowing 
through the dam into the river and the canals. The distribution of this amount of water is shown in 
the figure below.  
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 Figure 32: Water distribution in through the Aswan High Dam to the river 
(http://en.wikipedia.org/wiki/File:NileBalance.JPG) 
 
It is visible that this leads to another positive affect, land reclamation. The secured water from the 
long-term storage of the Aswan High Dam allowed the government of Egypt to fulfil its program 
of horizontal land expansion. In the East, West and Middle Delta and along the Nile Valley, 
about 2 million feddans were reclaimed, irrigated and cultivated, as well as half a million families 
were settled on the new gained land (Abou-Zeid & El-Shibini, 1997: 211). A further positive 
aspect is the hydroelectricity the dam produces by using the power of the streaming water to 
produce electricity. The electricity generated by the dam has really been a major advantage for 
Egypt. Up to 1979 the electricity gained through the dams’ turbines was nearly half of the total 
amount of electricity generated in Egypt. Since its beginning, the total amount of electricity 
generated by the Dam has increased steadily, although the percentage share in the total electricity 
generated in Egypt has steadily decreased since 1978. At the present stage the Dam accounts for 
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15 % of the national electricity production (Biswas & Tortajada. 2004: 46). Building the Aswan 
High Dam also had a positive impact on navigation tourism and fish industries. Due to the water 
level stabilization in the Nile river, navigation along it has improved both up- and downstream 
and resulted in an increase in the efficiency of transport economics. This also led to an increase in 
tourism. The dam itself and its surroundings have become an area of interest, as well as sailing on 
the Nile river from Cairo up to Aswan. The annual number of tourists visiting Aswan has 
increased from former 80.000 in 1960 to 300.000 in the recent years. With an annual production 
of 35.000 t, fisheries have developed fast in lake Nasser and fishing industry factories are now 
operating within the surroundings (Abou-Zeid & El-Shibini, 1997: 212-213). The Aswan High 
Dam has its biggest impact on the Egyptian agriculture, in which this analyse has its greatest 
interest in. Land reclamation was ever since of great interest for Egypt, in order to expand their 
cultivated land and to grow the population. The growing population is though having a bigger 
demand on water and food.  The building of dams, since the middle of the 19th century, changed 
the Egyptian agriculture from seasonal irrigation to permanent irrigation. At the beginning of the 
19th century an area of 2 million feddans was able to be cultivated, of which only 250.000 
feddans could be cultivated during summer. With the beginning of the 20th century this number 
has increased to 5 million feddans, with the possibility to grow crops all year long. The 
construction of the Aswan High Dam increased the supply and security of available water for 
agricultural and industrial development. Not only the extent of land reclaimed has been 
significant but it was possible to use the land to produce between two and three crops each year 
(Biswas & Tortajada. 2004: 48). Approximately 1 million feddans, mostly in upper Egypt, used 
seasonal irrigation and could only produce one crop per year. These lands were changed to 
permanent irrigation after the construction of the dam, giving the possibility to the crop area to 
double or even triple in these regions (Abou-Zeid & El-Shibini, 1997: 211). In 1970 the arable 
land was 6 million feddans and the Egyptian population was 33.2 million. Between 1970 and 
1996 the arable land increased by 30%, up to 7.8 million feddans, and the Egyptian population 
increased by 78.6 %, up to 59.3 million. This means that the arable land per capita has actually 
declined by 27.7 % from 0,18 feddans per capita in 1970 to 0.13 feddans per capita in 1996, due 
to a substantial population increase. Without the growing availability and security of water and 
the consequentially growing agricultural production due to the construction of the Aswan High 
Dam, the agricultural and food situation in Egypt would have probably been worse than what it is 
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today (Biswas & Tortajada. 2004: 50). A continuous flow of water in adequate quantities has 
been secured due to the controlling of the river Nile flow and reaches all the arable land at the 
right time. This is extremely important during summer when the natural flow of the river Nile is 
less then irrigation requirements. As a result, flexibility of agricultural planning, crop patterns 
and crop rotation has been secured (Abou-Zeid & El-Shibini, 1997: 211). The Egyptian 
countryside benefited from the Aswan High Dam through improved irrigation as well as 
electrification, as shown in the picture below from south of Luxor. 
 
Figure 33: Irrigation and electricity improvement in Luxor (http://upload.wikimedia.org 
/wikipedia/commons/3/39/Egyptian_Countryside_R03.jpg) 	  
Also rice productivity has increased by a margin due to these positive effects of the Aswan High 
Dam construction. With production of about 4 million tons of rice, the rice cultivated areas grew 
from 200.000 feddans up to 700.000 feddans. More on rice production, especially in the Delta 
area, is going to be analysed in a case-study within the analysis part of permanent irrigation, 
based on a field research report by Ramchand Oad and Rajab Azim from Colorado State 
University published in 2002. A last positive aspect, that consequentially results from more 
arable land and higher agricultural productivity, is employment growth. Regardless that generally 
agricultural wages are comparatively lower than in other sectors, the construction of the dam has 
provided a safety valve in terms of socio-economic progress in Egypt, by offering these extra 
employment opportunities (Biswas&Tortajada. 2004: 50). But unfortunately the impacts that the 
dam has provoked, are not at all as positive as the ones just mentioned. Starting with people who 
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lost their homes and land, due to what will arise as the big lake Nasser. 100.000 to 120.000 
people had to be resettled in Sudan and Egypt. Although what started as a negative impact 
actually turned out to have a remarkably positive effect on the population concerned. Due to the 
old Aswan Dam many Nubian people, an ethnic group originally from northern Sudan and 
southern Egypt who used to live around the stretch of the Nile about 350 km upstream of the old 
Aswan Dam in the reservoir area, had to move to the cities of lower Egypt or change their  
location elsewhere. Because the Aswan High Dam reservoir, Lake Nasser, was expected to reach 
higher elevations than what actually happened, the government decided to resettle the Nubian 
people to a new area downstream of the dam. In their new settlement, not too far away from 
where they used to live, 28.000 feddans of fertile land were reclaimed as well as infrastructure 
and other services were supplied. 25.000 houses among 33 villages were built and were given the 
same names as the old Nubian villages (Abou-Zeid & El-Shibini, 1997: 213). The extreme 
negative effects provoked by the construction of the Aswan High Dam are visible within the 
environment. As much positive effects the dam has on the Egyptian agriculture, as many  
negative impacts on the environment are actually harming the river system and further on the 
arable land around the river Nile. One of these harmful impacts is the lack of silt in the 
downstream Nile river basin and the consequential over-use of fertilizer. Silt is a solid, dust-like 
sediment which in this case gets transported and deposited by the water of the river Nile. It is 
made of rock and minerals, which are larger than clay but smaller than sand. The size of a 
particle must be less than 0.005 cm, in order to be considered as silt. The creation of silt is based 
on eroded rock. As flowing water transports, the rock fragments rasp against the sides and 
bottoms of the stream bed and grind against each other and they thereby becomes smaller and 
smaller until they reached the size of silt. Due to the floods, the silt got deposited along the river 
banks and on flood plains. The Delta area was developed from the rivers deposit silt, as the water 
flew into the Mediterranean Sea. Agriculture was able to flourish due to a rich amount of deposit 
silt in many parts of the world and also in the Egyptian Delta area . Many species of organisms 
live in slick, silty soil. As for example the Lotus plant, an important symbol in the ancient 
Egyptian religions. Since the construction of the Aswan High Dam was finished, the silt gets 
trapped behind the dam and is unable to flow further downstream in order to provide the soil with 
the same amount of natural nutrition as before. Soil that contains silt is usually more fertile, 
which is good for growing crops (National Geographic Society, 2013). With the lack of silt in the 
	  	  	   66	  
water downstream, the Egyptian agriculture has to compensate this by using fertilizer. Using 
fertilizer has positive effects on the productivity of the land it is used on and to some degree it 
can compensate the lack of silt. Although using chemical fertilizer harms the environment. Just as 
industrial run-off, agricultural run-off in areas that use chemical fertilizer can make silt toxic. 
Toxic silt can therefore further on poison rivers, lakes and streams (National Geographic Society, 
2013). Organic fertilizer alone is though not enough, in order to increase the crop yields with the 
use of modern agricultural methods. Inorganic fertilizer needs to be used, such as sodium, 
potassium, nitrogen and phosphate. The first use of Chilean nitrates goes back to 1902 and 
underlines Egypt’s long tradition of using mineral fertilizer. The country imported all mineral 
fertilizers until 1936, when they started the local production of phosphate fertilizer. In 1951, the 
production of nitrogen fertilizer began. Due to the lack of resources, potassium fertilizers still 
need to be imported these days. After all, the dam is responsible for reducing the organic contents 
of the soil because of the absence of the Nile floods (FAO, 2005). Further more within the 
massive lake Nasser more water gets lost by evaporation. Evaporation is an important factor of 
the water balance system and due to the large surface area exposed; the evaporation causes a 
massive loss of the water in the lake. The evaporation is estimated to be between 17.9 %  and 
21.4 % of the input. The highest evaporation rates are measured during the summer season from 
May to October and reach from 16 to 22 mm/day. The lowest rates are measured from December 
to February reaching 7.7 to 14 mm/day (Senosy et al. 2008: 4). The following table shows the 
monthly evaporation rates for Lake Nasser for the period 1979 to 1983, measured at the Aswan 
High Dam meteorological station. 
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 Figure 34: The monthly evaporation for Lake Nasser for the period 1979 to 1983 measured at 
the Aswan High Dam meteorological station (Senosy et al. 2008: 4) 
 
Before the construction of the Aswan High Dam, the groundwater levels in the Nile Valley 
stagger from 8 to 9 m/year with the water level of the Nile. The groundwater level was too deep 
during the summer, when evaporation was highest, so that salts that are disintegrated in the water 
could not be pulled to the surface through capillary action. With the construction of the dam, the 
loss of the floods and the introduction of permanent irrigation, groundwater levels remained high 
with little ups and downs leading to water logging, which thereby means saturation of soil with 
water. The distance between the surface and the groundwater table was small enough (1 to 2 m 
depending on soil conditions and temperature) to allow water to be pulled up by evaporation. 
That is how the relatively small concentrations of salt in the groundwater accumulated on the soil 
surface, letting soil salinity increase over the years. However most of the farmland in the Nile 
Valley did not have a proper subsurface drainage system to lower the groundwater table, so that 
salinization gradually affected the crop land. It is essential to have such drainage systems, in 
order to prevent a deterioration of crop land from soil salinization and waterlogging. By the year 
2003 more than 2 million ha have been equipped with a subsurface drainage system at a cost 
from the year 1973 to 2002 of about 3.1 billion US dollars. 
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Case:	  Rice	  cultivation	  and	  irrigation	  management	  in	  the	  Delta	  
This case study will be based on a field research report by Ramchand Oad and Rajab Azim from 
Colorado State University published in 2002. The field study was focused on the Delta region of 
Egypt with pilot locations chosen in relation to rice cultivation. The focus was to test if a 
participatory irrigation management approach could possibly increase the efficiency of the canal-
based permanent irrigation system. The thesis was that rice production in short-season periods 
could cut water usage substantially. A short-season is a 120-day period, whereas the traditional 
season (long-season) is 160 days (Oad & Azim, 2002: 15). We include such a case study in this 
project, as it is a great example of how permanent irrigation, through a controlled water supply, 
created by the dams, can make agriculture more efficient in Egypt. By installing dams and 
controlling the amount of water that travels through the northern part of the Nile (north of the 
Aswan dam) it is possible to manage the amount of water used for growing certain crops. This 
does not only mean that crops are not limited to certain seasons, like with seasonal irrigation, but 
it also means that it is possible to study management efficiency with the goal to maximize the 
efficiency of agricultural production.  
 
This case study aims to show the practical potentials of permanent irrigation, focusing on 
efficiency through water and irrigation management in the Delta area of Egypt.    
Background	  for	  the	  field	  study	  
In order to understand why the field study was conducted and the importance of increasingly 
good management in Egyptian agriculture, this chapter will first introduce the incentives for the 
field study, as well as the main ideas behind it.  
 
There has been a dramatic growth in the cultivation of rice in Egypt, because rice is a profitable 
crop for farmers both due to prices nationally and internationally. We have seen an expansion of 
rice cultivation from 450,000 ha in 1987 to 840,000 ha in 1999, with an approximate annual 
increase of 6.7% (Oad & Azim, 2002: 15-16). The approximate total amount of agricultural land 
that has the Nile River as its sole water supply is, according to this study, 3.2 million hectares 
(Oad & Azim, 2002: 15). The increase in rice cultivation may be due to:  
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• The removal of government regulations on crop choices by farmers since mid-1980’s 
• The relative profitability of rice in the local and international markets 
• The food security associated with rice as a national home-consumption crop 
• The government support of rice prices relative to cotton. 
(Oad & Azim, 2002: 16) 
 
This increase has put pressure on the water usage in Egypt, especially in the Nile Delta, where the 
rice is cultivated. In 1999 the Egyptian government specifically targeted irrigation expansion 
through reform policies making it a priority development activity. Focus was on water use 
efficiency and water management. They created the Agricultural Policy Reform Program (APRP) 
in cooperation with the Egyptian Ministry of Water Resources and Irrigation (MOI) and the 
United States Agency for International Development (USAID). This program was aimed towards 
research in cropping patterns, focusing on crops that use a large amount of water, one of those 
being rice. Governmental regulations to decrease rice production in order to decrease water usage 
are not favorable because of the large demands of rice both nationally and internationally. 
Thereby the farmers instead propose for a higher profitability that a mitigation strategy should be 
to reduce the amount of water used in rice cultivation. The Field Crops Research Institute (FCRI) 
has researched in the development of different rice varieties and has found three varieties that are 
both water conserving and income preserving. These varieties theoretically have an 
approximately 25% shorter growing season than the traditional rice varieties. Theoretically 
cultivating with these rice varieties would then mean a decrease in cultivation days from the 
traditional 160 days to 120 days. On the basis of this information a field study was conducted. 
This study focused on evaluating the water delivery policy for irrigated cultivation in Egypt (Oad 
& Azim, 2002: 15-17).  The primary goal was to see if it was possible to end the rice water 
rotation early. By rice water rotation is meant that the period in which they manage water 
deliveries to fit the rice cultivation cycle. The aim was to do this with the help of farmers and to 
test if the farmers would be willing and able to organize their production around short-season rice 
varieties. Rice is a summer crop and the traditional rice water rotation starts at May 1st and ends 
at October 15th.  The aim of the field study was to see if this rotation, by changing to short-season 
rice, could start at August 31st instead of at mid-October. Based on the field study approach 
above it is clear that even before the field study was conducted the researchers were aware that 
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farmer participation would be a factor in the practical potential of such a policy reform. The 
affects on the farmers from such an implementation of such an efficiency policy must therefore 
be taken into consideration. Rice is a high value crop and if the policy may decrease the 
production or the income for the farmers it may not be in their interest to follow the policy. Also 
the water savings will not only be a reflection of the water delivery changes, but also a reflection 
of the efficiency at farm level and if the farmers decide to plant the winter crops early or not (Oad 
& Azim, 2002: 17). Even before the results of the field study were taken into consideration, it is 
clear that the practical potential of permanent irrigation through the canal systems are not only 
determined by the policy implemented from the government officials but also by the farmers 
themselves.  
The	  field	  study	  
It is first important to the understand how the field study was conducted and what issues there 
may have been needed, both in the implementation but also issues with the main calculations, in 
order for us to fully understand the reasons behind the results of this field study. Through this we 
aim to ensure a critical view on the end results of the study. 
 
The 1999 field study was based on a former field study from the summer of 1998 called The 
Water Policy Reform Project of the APRP. This field study was based on only two branch canals 
as pilot locations. Through cooperation with the farmers it could be organized that one branch, 
the demonstration canal, was only cultivated with short-season rice varieties and in the other 
branch, the standard/control canal, the farmers were free to choose which varieties they wanted to 
cultivate including the traditional long-season varieties. The results showed a difference of 
13.9%, approximately 305 mm, in water delivered to the two canals. The standard canal received 
2,190 mm while the demonstration canal with short-season rice only received 1,885 mm. The 
theory, as mentioned before, was a 25% decrease in water delivery. But even though this was not 
reached in the 1998 field study, there was still see a substantial decrease. There were several 
reasons to this difference between theory and practice. First of all both of the rice varieties 
required almost the same large amount of water in the land preparation phase for rice cultivation. 
Secondly the growing season turned out to be 125-128 days for the short-season rice and not 120 
days as theoretically estimated. Also some farmers decided to start their winter crop rotation 
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early, directly after the end of the short-season rotation, thereby still irrigating the land. Another 
important finding in the 1998 field study was the lack of efficiency at the farm level. The 
practical potential of the agriculture with the canal irrigation has shown to be highly dependent 
on the farm level irrigation efficiency. And the 1998 study showed an efficiency of only 51%, 
because the consumptive use of the 2,190 mm water delivered were only 1,120 mm (Oad & 
Azim, 2002: 18-19). The study could therefore conclude that the practical potential of the water 
efficiency in relation to the agricultural production of rice could be more efficient if the 
consumptive use was increase through better management at farm level. As explained above this 
1998 study led the way for a 1999 field study that this time had pilot locations in 12 branch 
canals in six Governorates of the Lower Egypt. The canals that branches out from the Nile can be 
seen in the map below. 
 
 
Figure 35: Nile branches  (Oad & Azim, 2002: 20) 
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This field study was conducted during the summer of 1999. Two branch canals where monitored 
in six Governorates and similar to the 1998 study one was a demonstration canal and the other 
one a standard/control canal. This time they focused on making sure that the farmers were well 
informed and were active participants. However this case study report does not say how the 
farmers where encouraged to engage in this field study. “All farmers were well informed about 
the new policy and the field-testing program, and were requested to actively participate in the 
program.” (Oad & Azim, 2002: 19). No clear information is given in the beginning of the report 
on whether the farmers were paid to participate or received some sort of compensation for their 
participation or not. If such compensation did happen, this field study can be seen as less valid 
scientifically. However in the conclusion of the Oad and Azim report it is stated that the farmers 
where willing and voluntary participants: “The research findings clearly indicate that farmers are 
willing to cultivate short-season rice, and are actually doing so voluntarily since the practice 
saves them at least one month’s time.” (Oad & Azim, 2002: 30).  
 
The intent was the same as the 1998 study: To test if farmers could collectively organize their 
rice cultivation with the aim of finishing the rice water rotation on August 31st. The flow of the 
water in the branch canals as well as the water deliveries would then be measured in the period 
between May 1st and October 30th. The result would be an evaluation of the water savings with 
short-season rice in relation to the traditional long-season rice varieties. The goal of the study was 
then to calculate the magnitude of water savings as well as the water use efficiency, thereby also 
focusing on the consumptive use versus the water delivered (Oad & Azim, 2002: 21-22). The 
water delivered through the branch canals is straight forward to measure, however measuring the 
legitimate water use is a normative concept and there are many ways of doing this, and many 
aspects that can be taken into account. The aim of this field study is to look at the water use 
efficiency, and it is assumed that a legitimate use of water is the crop consumptive requirement. 
The crop consumptive requirement is the water required for a crop to cultivate. This means that 
for the water use to be efficient, the amount of water delivered should be as close as possible to 
the crop consumptive use. However many studies show that seepage and percolation at the farm 
level due to rice being a crop that is usually cultivated in standing water basins. This means that 
of the water delivered to the plants some may be lost to seepage and therefore the water delivered 
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cannot be equal to the crop consumptive use. However it is difficult to include this water loss 
issue of seepage and percolation into this field study that includes many different sites, since the 
seepage and percolation amounts are site specific and varies spatially and temporally (Oad & 
Azim, 2002: 21). “Since the present study did not measure seepage and percolation, no amount 
of water loss is allowed for it in the efficiency calculations. The efficiency estimates, therefore, 
are conservative.” (Oad & Azim, 2002: 22).  
The	  field	  study	  results	  
The results of the field study will mainly be related to management and efficiency improvements 
in order to analyze the importance of these two aspects for the practical potential of agricultural 
production. Even though this field study is a case-specific study focused on rice cultivation, the 
results may have importance for this projects overall understanding of how the practical potential 
and productivity is affected by social aspects, such as policy implementation and management at 
both governorate and farm level. As well as which aspects should be considered when expanding, 
in order to utilize more of the theoretical potential.   
 
The results were put into tables to give an overview of the differences in water deliveries of 
short-season rice and long-season rice. Table 2a shows the demonstration canal and table 2b 
shows the standard/control canal in the Kafr-El-Sheikh Governorate.  
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Figure 36: Water deliveries and crop consumptive use for demonstration canal in Kafr-El-Sheikh 
Governante (Dakalt branch canal) (Oad & Azim, 2002: 22) 
 
Figure 37: Water deliveries and crop consumptive use for Control Canal in Kafr- El- Sheikh 
Governante (Kom El Wahal branch canal) (Oad & Azim, 2002: 23) 
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The information and results gathered in this governorate reflect the results of the others, except 
from one, where the farmers did not fully participate. This was the Khadija canal in the Gharbia 
governorate and due to this lack of farmer participation the information and results from this 
governorate were deemed invalid and were not used further in the field study (Oad & Azim, 
2002: 24). As seen in table 2a, the demonstration canals showed that the short-season was, as 
expected, ready to be harvested by the beginning of September. In the standard canals, many of 
them chose short-season rice varieties even though the farmers had free choice of rice varieties, 
which shows that the farmers seem to be willing to adapt to the new short-season rice and that 
they see the possibilities for efficiency. Also it is interesting that the farmers did not choose to 
plant winter crops early, when the water rotation ended early in the demonstration canals. Instead 
they had a large amount of fallow land in September and October. It should be emphasized that 
fallow land in this field study was not seen necessarily in the traditional way, as land with no 
standing crops, but rather fallow land was understood as land that no longer needs irrigation, 
which then includes land where the crops are nearing harvest. Either way, this means that in the 
months that the canals have fallow land because of the short-season rice, the water delivery can 
be reduced by 60-75%. Thereby creating a substantial drop in amount of water used in this 
period. It should also be mentioned that the seeding dates for rice is from May 1st to 
approximately May 15th, and by the end of May the transplantation is finished. Therefore the 
cropped area in May is significantly lower than in June, July and August. There is however some 
cropped area by the end of May, when the transplantation finishes. In this 1999 field study it is 
unfortunately seen that the same tendency as the field study from 1998 is showed, where the 
seasonal water delivery is significantly higher than the seasonal consumptive use, which means 
that there may be a mistake in the calculations of how much water is needed for cultivating rice; 
the crop consumptive requirement (Oad & Azim, 2002: 26). Two main things are left out of the 
water delivery versus the consumptive use in relation to water use efficiency in this field study. 
One is the amount of water needed to make the land ready for cultivation. The second aspect is 
the seepage and percolation at farm level, which creates a requirement for more water delivered, 
since some of the water is lost in the process before it can be consumed by the crops. However, 
the conclusion of the field study, based on the aspects included, was an average drop of 13.2 % 
which is approximately 249 mm in the water deliveries. In the table below can be seen the 
differences between the demonstration canals and the control canals in relation to how much 
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water was delivered. This table includes Gharbia, even though this location is not included in the 
final concluding numbers. 
 
 
Figure 38: Magnitude of water saving as a result of policy implementation (Oad & Azim, 2002: 
26) 
 
However, there is a potential to save more water, by increasing the farmers’ levels’ efficiency and 
by implementing systems that decreases seepage and percolation, but also by increasing the focus 
on water deliveries in relation to the water requirements of the crop. In this field study the water 
delivery was 6.5 mm/day, even though the requirement was only 4 mm/day (Oad & Azim, 2002: 
27).  
 
An important result of this case study in relation to agricultural production, is a determinant for 
further farmer participation in such policy implementations and therefore for the practical 
potential. The productivity is measured as crop yield per unit of water delivered (Oad & Azim, 
2002: 27). This aspect was researched by the Field Crop Research Institute and the productivity 
of the short-season rice varieties were found to, in theory, be acceptable to farmers. There is a 0.5 
tons/ha difference in the production of short-season and long-season rice varieties. With short-
season rice the production is 8 tons/ha and with the traditional long-season rice varieties it is 8.5 
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tons/ha. According to this the market prices are essentially the same. The short-season rice 
varieties actually shows a higher productivity than the long-season rice, when the production 
(tons/ha) is put in relation to the delivered water, making it preferable for farmers to produce. The 
productivity is approximately 9% higher with short-season rice (Oad & Azim, 2002: 27-28).  
 
 
Figure 39: Productivity of water use for the two rice varieties (Oad & Azim, 2002: 28) 
 
The table above shows the relationship between production and water delivered, resulting in the 
productivity of short-season and long-season rice varieties. However, it was earlier mentioned in 
the report that the production was 8.0 tons/ha and 8.5 tons/ha and in this table the production is 
the double (short-season: 16 tons/ha, long-season 17 tons/ha). This difference in numbers is 
unfortunately not explained in the report and this is an insecurity in the scientific data of the 
report. However we can still conclude from this table, that on the basis of the numbers presented, 
there is a difference in the productivity of the two rice varieties.  
 
Through this field study we can highlight the practical potential of rice production in the Nile 
Delta as well as what determines the practical potential. The practical potential in the field study 
is focused mainly on the potentials for water efficiency in relation to rice cultivation. It turns out 
that this leads to an increase in the practical potentials of the rice productivity and thereby it may 
lay the ground for an increase in the rice production in the Nile Delta, based on a shorter 
cultivation period. What were highlighted as essential factors in the practical potential of short-
season rice production were the farmer participation as well as the efficiency of water usage, not 
only in the delivery system itself but also on farm level.  This shows that the social aspects should 
be taken into consideration when attempting to increase the efficiency of agricultural production. 
It is important to make sure that the policies are not enforced on the farmers, but rather that the 
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farmers are willing and informed participants in the policy implementation, as this leads to a 
higher success rate and thereby a higher efficiency rate. The policy must have incentives for 
farmers; it must for instance be easy and profitable for them to change to short-season rice 
varieties. Also clear communication, schedules and organization is important when attempting to 
increase practical potentials (Oad & Azim, 2002: 30).  
 
To sum up this case study in relation to permanent irrigation and practical potentials. It has given 
an insight into what determines practical potentials and that potential is determined not only by 
management at government level but also at the farmers level and through farmer participation. 
But also, importantly, that increasing the practical potential is possible.  
 
Part	  conclusion	  
As we went through the analysis, permanent irrigation both had some positive impacts but also 
some negative consequences on the people, the economical sector, the environment and 
especially on the agriculture of Egypt. Due to this significant change in irrigating farmland, the 
agricultural productivity grew, the Nile River was tamed and a stable and fundamental food and 
water security was provided. The Egyptian population, did partly therefore, grew to a staggering 
84 million by 2013. Due to the construction of dams, in this case the Aswan High Dam, 
electricity was provided through the power of streaming water. The electricity gained through the 
turbines of the Aswan High Dam provided nearly 50 % of Egypt’s total electricity usage in the 
early 1970s. Today the Aswan High Dam still provides 15 % of the total electricity gained in 
Egypt. Especially within the Delta area the taming of the river had positive effects on the 
agriculture. The case-study on the rice cultivation and irrigation management in the Delta area 
showed that, due to the change to permanent irrigation a greater stability of water is guaranteed 
within the growing seasons. Furthermore it gives the opportunity to implement water efficiency 
policies and an increase in the practical potential could be possible too with a proper 
management. It also showed that if the farmers participate properly it is possible to integrate 
shorter cropping seasons while decreasing water usage and increasing agricultural production. 
This already brings up a first threat, saying that the practical potential is highly dependent on the 
farmer participation and efficiency. This is unfortunately not the only threat permanent irrigation 
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brings along. While analyzing the Aswan High Dam it became visible that there are negative 
impacts on the environment, which eminently led to consequences in the agricultural farm lands. 
Due to the loss of the floods, less silt went downstream through the Nile Valley to feed the Delta 
area as well as the Valley itself. This led to an enormous usage of fertilizers, which cost the 
Egyptian farmers a lot of money and which harms the soil and water quality. Due to the usage of 
chemical fertilizer the silt gets toxic and condemns the soil as well as the water.  Furthermore, 
permanent irrigation means a constant water usage on the fields which after some time led to 
water logging. The saturation of soil with water, allows the distance between the surface and the 
groundwater table to be small enough, so that water can be pulled up by evaporation. The 
relatively small amount of salt in the groundwater is now able to accumulate on the soil surface, 
letting soil salinity increase over the years. Salinization gradually affected the crop land. A 
drainage system is thereby needed in order to prevent a deterioration of crop land. By the year 
2003, more than 2 million ha have been equipped with a subsurface drainage system at a cost 
from the year 1973 to 2002 of about 3.1 billion US dollars. Again a lot of money is needed to be 
invested due to the negative impacts of permanent irrigation. As a last negative impact the loss of 
water due to evaporation was pointed out. This is highly visible in the new gained reservoir, Lake 
Nasser. 
 
Permanent irrigation brought many positive changes to the way the Egyptians were able to 
practice agriculture. The population grew and the living standard with it. Although many cost full 
investments needed to be made in order to compensate the negative consequences.
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SWOT	  of	  permanent	  irrigation	  
	  
Figure 40: SWOT analysis of permanent irrigation (own illustration) 
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Drilling	  and	  pumping	  methods	  	  
The conventional water resource in Egypt was water from the Nile. It is no longer 
sufficient for the increasing water requirements for the different development activities. 
The today available wells of Nile water cannot cover the increasing water demand in the 
valley and in the Red Sea areas. The increased standard of living and the expansion of 
petroleum industries and tourism have led to a gap between supply and demand (Khalil, 
2000).  Because of its importance for the domestic, agricultural, and industrial water 
supply, the groundwater is playing an important role with an increasing relevance in the 
economy of Egypt (Dawoud et al. 2005: 1).  
 
To ensure the water security in Egypt, Groundwater pumping out of the Nubian 
Sandstone Aquifer System (NSAS) is a possibility that is taken into consideration. The 
NSAS is the world’s largest known fossil water aquifer system; it contains an estimated 
water amount of 150,000 km3. It is located underground in the Eastern end of the Sahara 
Desert and spans the political boundaries of four countries in North-East Africa. The 
NSAS covers a land area of two million km2. It spreads over Sudan, Chad, Libya and 
Egypt (Robinson et al. 2006: 36). The Map of the Nubian Sandstone Aquifer System 
(figure 41) shows the location. The rock layers of NSAS are primarily continental 
sediments of Cambrian to Late Cretaceous age, the Nubian sandstone represents the 
horizon with the most water- bearing capacity in the studied area (Hamdan et al. 2011). 
Estimates of the groundwater resources underneath the Western Desert of Egypt, which 
have been published, vary widely; an average value of 28,000 km3 can be assumed under 
this huge area (Ebraheem et al. 2002: 188). 
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Figure 41: Map of the Nubian Sandstone Aquifer System (Bakhbakhi 2002:178) 
 
To make the water of the NSAS available, pumps and wells are needed. Moreover, 
pumps create new spaces of agricultural possibilities. The most used is the diesel pump, a 
cheap, mobile, and easy technology. Also significant as a mechanism of lifting water for 
land reclamation is the electric pump (Barnes, 2012: 522).  In the 1960 the heavily water 
pumping out of NSAS started and until the year 2000 artificial extraction of NSAS 
increased by 500 % and therefore the groundwater volume decreased by 41 km3, which is 
only 1,7 ‰ of the total groundwater resource of Western Desert of Egypt (see figure 42). 
If the present extraction rate is kept the same, the predicted groundwater volume will 
decrease about 300 km3 in total by year in 2100. This is only 1% of the average value of 
the total groundwater mass below southwest Egypt. 
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Figure 42: Simulated balance for the Nubian Aquifer System during a short-term 
simulation (Ebraheem et al. 2002:194) 
 
However, researchers are not quite sure if the NSAS can be recharged and if the water 
has been formed during former more humid climatic periods by local infiltration or if it is 
still recharging from more humid areas in the south (Gossel et al. 2004:706). The 
groundwater recharge is also possible from water of the Nile. It can occur along Lake 
Nasser in Egypt until Wadi Halfa north of the Sudan, where the Nile River starts to cross 
the basement outcrops. Additionally some parts of the most southern region of the aquifer 
system are more humid than in the middle or northern parts and get episodic 
precipitation. Some of this amount in turn infiltrates and adds up to the groundwater 
recharge. The main discharge from the aquifer occurred by pumping the groundwater 
from the drilled wells is for drinking and irrigation purposes (Hamdan et al. 2011). The 
aquifer is probably under a non-steady condition since the beginning of the development 
in Egyptian and Libyan oases in 1960 (Gossel et al. 2004:699). 
 
In our examples we use transmissivity (T) and hydraulic conductivity (K) to give an idea 
of the available water.  
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Hydraulic conductivity (K) is defined as the ability of a unit volume of groundwater to 
move through a cross-section of unit area in a unit time under a unit hydraulic gradient. It 
is a function not only of the porosity of the layer, but also of the fluid. The unit is m/day 
(Hamdan et al. 2011:1 346).  
 
 
Figure 43: Hydraulic conductivities of different types of materials (table is after 
Schoeller 1962, found in: Hamdan et al. 2011: 1346) 
 
Transmissivity is a measure of how much water can be transmitted horizontally, such 
as to a pumping well. "It is defined as the rate of flow under a hydraulic gradient equal to 
unity through a cross-section of unit width over the whole thickness of the aquifer. It is 
also equal to the product of the hydraulic conductivity (or permeability) and the thickness 
of the aquifer.“ (Hamdan et al. 2011: 1345). T = K*b is the term that describes the 
realtion of the two physical units, where b is the saturated thickness of the aquifer. 
Transmissivity is directly proportional to horizontal hydraulic conductivity K and 
thickness b.  
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Figure 44: Classification of an aquifer potential according to transmissivity (table is 
after Gheorhg 1979, found in: Hamdan et al. 2011: 1344). 
 
 A transmissivity greater than 1000 m2 /d means that the withdrawals have a great 
regional importance, and the “Designation of Transmissivity Magnitude” is very high, 
depending on “Krasny’s Classification of Transmissivity Magnitude”. Between 100 and 
1000 m2 /d, the transmissivity is still high, but with less regional importance, and between 
10 and 100 m2/d transmissivity is intermediate with withdrawals for local water supply, 
useable for small communities and plants (Krasny, 1993).  
 
We use transmissivity and hydraulic conductivity to show the water potential of the 
NSAS in the different examples. 
 
Analysis	  of	  water	  use	  in	  the	  oases	  
In the 1960’s president Nasser started the New Valley Project with five oases: Siwa, El 
Bahariya, El Farafra, El Dakhla and El Kharga. In the following we look at these oases to 
examine the NSAS water conditions in regard to water occurrence and quality as well as 
management, environment and agricultural conditions. In the analysis the information for 
a later discussion if an expansion of agriculture in the desert areas is rational shall be 
given. Supplementary the East Oweinat Area will be analyzed.  
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Figure 45: The location of the five oases (modified from H.S. Jahin 2011: 2) 
	  
Example	  1:	  El	  Dakhla	  Oasis	  
El Dakhla Oasis is located in the Western Desert of Egypt, approximately 75000 people 
live there. Groundwater  from the Nubian Sandstone aquifer is the only available water 
resource in this area. El Dakhla Oasis is located in southwestern Egypt. It extends 
between 25°04’–26° 09’N and 28° 03’–29°39’E, and lies 350 km from the Nile and 
between the oases of El Farafra and El Kharga. It is a part of the greater depression 
known as the Dakhla Basin. There are some critical management problems in the Dakhla 
Oasis with regard to water needs: There are some water-right disputes and environmental 
protection is not ensured (Ebraheem et al. 2004: 715). 
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Dakhla Oasis forms a depression that is bounded on its northern side by a steep 
escarpment running in a generally South-East to North-West direction for a distance of 
about 250 km .The Nubian Sandstone complex has a wide geographical distribution 
within Dakhla Oasis. There shale and clay beds and lenses occur, which are necessary for 
local or sub regional confinement of water. The aquifer system is overlain by a thick clay 
layer, which acts as an aquiclude, a layer that is water impermeable. The area is underlain 
by basement rocks at an approximate depth of 1,000 m. Generally, the composition of 
rock layers is important to know regarding the highly variable water storage capacity of 
different rock types. The amount of wells in Dakhla Oasis is large: more than 650 
shallow water wells are tapping the upper aquifer in Dakhla Oasis, and about 236 deep 
wells are tapping the lower aquifer (Ebraheem et al. 2004:7 15-718). The transmissivity 
is on average 950.4 m2/day and the hydraulic conductivity  5.3 m/day (Bakhbakhi 2002: 
190). 
 
In the next 100 years, the groundwater depth in the whole area of Dakhla Oasis will not 
exceed the present 65-m economic level, even if the present extraction rate is increased to 
the planned rate (1.71^106 m3/ day). The economical level gives an idea of the prices of 
pumping related to drilling prices. It is estimated that in the Dakhla Oasis 65 m is the 
pumping level limit before it is uneconomically for irrigation, because of the high costs 
for drilling and pumping, for example through electricity prices. The aquifer’s 
permeability and thickness in the middle part of the oasis are strongly affected by a fault 
from North to South and by an anticline bounding from East and West, respectively. 
“Therefore, new well fields should be developed in the western part of the oasis” 
(Ebraheem et al. 2004: 722). The affordability of a long-term increase in groundwater 
extraction in the Dakhla Oasis is prooved. But models of Ebraheem et al. predict 
dewatering of the first aquifer in several places in Dakhla Oasis before the year 2100. 
Therefore, wells tapping the first aquifer will be dried up.  (Ebraheem et al. 2004: 722). 
Generally the ground water quality in Dakhla Oasis is good and below the safety baseline 
levels of the national and international standards with an exception of enhanced Pb 
occurrence. The level of Pb concentrations in ground water samples ranged between 0.06 
and 0.17 mg L−1 compared with the allowable values (0.01–0.05 mg L−1). The water is 
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slightly acidic (pH 6.09–6.71), while the soil samples are moderately alkaline (pH 7.95– 
8.27). Pb may cause some problems if used for human consumption (according to 
national and international standards). Accordingly, the water quality may cause some 
troubles with the wells as sources of potable water. (Soltan, 1997: 163-166). 
Example	  2:	  El	  Kharga	  Oasis	  
 
Figure 46: Location of El Kharga, Egypt (SOURCE) 
The oasis El Kharga is located in the eastern part of Egypt in the central western desert. 
The position is 140 km East from El Dakhla oasis and 220 km to the South of Assuit City 
and it is bounded by longitude 30° 20’ and 30° 40’ East and latitude 25° 05 and 25° 30 
North (H.S. Jahin, 2011: 1). It is the capital Oasis of the New Valley Governorate (Wael 
Elham Mahmod, 2013: 1021) and its population is over 100.000 people. The climatic 
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conditions of the area is hot during the summer, the precipitation is rather sporadic and is 
less than 1 mm/year (H.S. Jahin, 2011: 2). The warmest month is July where the heat can 
reach 40°C. High winds in the spring with sandstorms as well as moving sand formations 
are common (Ibid). The groundwater from the aquifer in this area is used for agriculture. 
A consequence of the exploitation of the groundwater reserves by deep wells for 
irrigation since 1959 is that all deep wells already stopped flowing in 1975 (H.S. Jahin, 
2011: 1).  
 
The Total Dissolved Solids in the water, in general, are under the limit of the WHO. The 
pH varies between 6.53 and 8.00 and it should be between 6.5 and 8.5 (H.S. Jahin 
2011:1), and the concentration of sodium in the groundwater vary from 20.9 mg/l to 138 
mg/l where the limit is 200 mg/l (H.S. Jahin, 2011: 3). This means the groundwater 
quality is good enough to use for irrigation purposes for agriculture.  
 
Studies have shown that there is an increase in differences in the water levels in the 
northern and southern parts of the oasis and this will reach 140 meter by 2060 (Wael 
Elham Mahmod, 2013: 1033). The transmissivity has an average of 509.8 m2/day and the 
hydraulic conductivity is 2.5 m/day (Bakhbakhi, 2002: 190). Research and measurements 
on the exact water levels is needed and regulations are needed if agriculture should keep 
being economical efficient in the oasis.  
 
Example	  3:	  El-­‐	  Farafa	  Oasis	  
El Farafra is a small oasis that is considered to be the most isolated oasis of the New 
Valley in Southern Egypt. El Farafra Oasis lies in the Western Desert between latitudes 
26° 00′′ and 27° 30′′ N and longitude 27° 20′′ and 29° 00′′ E. The El Farafra Oasis is 170 
kilometers away from the El Bahaerya Oasis and 627 kilometers away from Cairo and 
therefore a bit isolated. It is characterized by hyper arid climatic conditions where the 
main annual rainfall records 3 mm/year; therefore groundwater is the unique source of 
fresh water in El Farafra Oasis (Moharram et al. 2011: 929). 
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The google map shows El Farafra Oasis, unfortunately google maps is not showing the 
boundaries of it, so we are not sure what the exact area is. But there are no maps available 
in the internet and this map can give an overview.  
 
Figure 47: Satellite picture of El Farafra, Egypt (maps.google.de) 
Today El Farafra has a population of approximately 5000 inhabitants.  However, most of 
them originated from the Nile Valley to work as farmers in the oasis.  Due to its 
geographical location and geological formation, the El Farafra Oasis has some natural 
water wells. The 48 productive wells out of 140 wells have an optimal pumping rate of 
183023 m3/day according to Moharram et al. (Moharram et al. 2011: 947). Most of these 
wells are used to irrigate the cultivated land in the oasis. The Post Nubian aquifer attains 
220 m thick while the Nubian sandstone aquifer consists of alternating sand and clay 
units. These sand units are forming three water bearing horizons in El Farafra (Moharram 
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et al. 2011: 930). In the NSAS clay beds slow down the vertical movement of the 
groundwater through the aquifer layers. The bottom level of the Nubian aquifer varies 
from −1700 m to about −2300 m. The number of wells tapping this aquifer increased 
from 18 wells in 1960s to about 140 wells in the present time. Hence, the pumping from 
the aquifer was increased in the last decade and now reaches 0.145 km3/year. The 
transmissivity of the productive zones in the oasis is recorded between 148.6 and 1642 
m2/day (Moharram et al. 2011: 947), Bakhbakhi states 1056.8 m2/day, respectively while 
the average hydraulic conductivity reaches 1.3-7 m/day (US Agency for International 
Development, 1998), here Bakhbakhi mentiones a value of 4.7 (Bakhbakhi 2002:190).  It 
is highly recommended to choose the new reclamation areas in the East of El Farafra 
oasis for the drilling of new wells. They are characterized by a high groundwater 
potential (Moharram et al. 2011: 947). 
 
The increasing demand of groundwater in El Farafra Oasis has resulted in an exploitation 
of this source causing environmental hazards such as decline of groundwater levels and 
well interference. This situation has led to a growing realization that through good 
management use of groundwater can be made more productive and sustainable. 
Moharram et al. used models to develop the optimal pumping rate and number of wells in 
El Farafra Oasis under different scenarios. The results show that under the current 
situation, the optimal pumping rate is 183023 m3/day. The second scenario assumes an 
increase in the number of wells by 20%. The optimal rate then reaches 220016 m3/day. 
The third scenario proposes a pumping rate of about 254484 m3/day. This water will be 
sufficient for an increase in the cultivated area in the oasis by 4000 acres (Moharram et 
al. 2011). 
 
Example	  4:	  Siwa	  Oasis	  
The Siwa region lies in the northwest of the Egyptian Western Desert near the Libyan–
Egyptian border, approximately 300 km to the south of Mersa Matruh on the 
Mediterranean Sea, and approximately 600 km to Cairo. The region is characterized by 
depressions with cultivated land, playas, and saline lakes, whose lowest elevation point is 
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19 m below sea level. Naturally flowing springs occur at the floor of the depression. 
These springs have created a network of oases surrounding four main lakes aligned 
approximately EW, named from West to East as: Maraqi, Siwa, Zaitun, and Massir, of 
which Siwa is the largest and most highly urbanized one (Masoud et al. 2006a: 468). 
Moreover, Siwa Oasis is one of the most promising areas for adding new agricultural 
lands. It is located between longitude 25°18′ and 26°06′ E and latitudes 29°05′ and 29°20′ 
N (Ibrahim et al. 2013: 315). The following picture shows the location of Siwa, where 
approximately 23,000 people live. 
 
Figure 48: Location of Siwa Oasis, Egypt (Masoud et al. 2006b: 153) 
Two main groundwater aquifers exist at Siwa: the upper Siwa shallow aquifer as well as 
the deep Nubian sandstone aquifer. Springs are hosted in the shallow Middle Miocene 
carbonates, which are effectively isolated from the deeper aquifer (Masoud et al. 2006a: 
469). About 255 million cubic meters are discharged annually. In Siwa exist 1199 
groundwater wells and springs. From this, about 222 million cubic meters are lost as 
evaporation and evapotranspiration, while the remaining water flows to the natural lakes 
of the oasis. Thus, the annual surplus groundwater reaches only 33 million cubic (Samy 
2013). All in all, the groundwater quality is good (Masoud et al. 2006b: 152). The 
transmissivity is on average 6000 m2/day and the hydraulic conductivity 30 m/day 
(Bakhbakhi, 2002: 190). 
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Production levels of the crop in the area are relatively small due to poor soil fertility and 
limited water-holding capacity of the soil (Ibrahim et al. 2013:315). Date palms and olive 
trees are the two main crops in Siwa (Masoud et al. 2006b: 152). 
 
In Siwa the water-table has risen in the topsoil because of a hydrological imbalance in the 
depression. Supplementary intensive agricultural practices and improper drainage 
systems lead to an overuse of irrigation water, what intensifies the hydrological problems. 
The shallow groundwater table and the seasonally high evaporation and 
evapotranspiration rates, linked with sand dune interventions and the improper set up of 
drainage systems and roads caused extreme changes in the surface water level and the 
salinity of water and soil resources in the area. The rise of the watertable has led to the 
increased salinization and degradation of the soil. The speed of the rise of the water table 
is accelerating and has reached the ground surface in some areas, what caused an 
advanced stage of soil salinization. Consequently large areas have been converting into 
salt marshes (Masoud et al. 2006b: 154). 
 
 
Figure 49: A field, where the water table reaches the salinized topsoil. The vegetation 
died there (Masoud et al. 2006b: 154) 
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Many tectonic events characterize Siwa. Linear features in the underlying depression are 
seen in the form of lakes or ponds, and springs. For efficient groundwater management it 
would be useful to have proper maps of the aquifer (Masoud et al. 2006a: 469). To 
expand Siwa’s agriculture, the immense present problems have to be solved first. A better 
governmental water management with an enhanced organization structure is needed. 
 
Example	  5:	  El	  Bahariya	  Oasis	  	  
	  
 
Figure 50:  Sattelite picture of El Bahariya Oases, Egypt (https://maps.google.de/) 
 
El Bahariya is one of the five main inhabited Oases in Egypt.  El Bahariya Oasis, a 
natural topographic depression, is, as shown in figure 51 , approximately 370 km South-
West  of Cairo. It covers an approximate area of 1800 km2, where 30000 people live. 
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Figure 51:  Location of El Bahariya Oasis, Egypt (Hamdan et al. 2011:1334) 
 
The area falls under the arid condition as the total rainfall ranges from 3 to 6 mm/year. 
Water springs and wells are the main two groundwater resources for irrigation and civic 
purposes. (El Kashouty et al. 2010: 953). Hydrogeochemical analysis of groundwater 
samples taken from two wells in the southern part of the oasis showed that groundwater 
in the study area is suitable for agricultural purposes but not for human consumption due 
to a high iron content of the water (Khaled et al. 2011: 773). El Bahariya Oasis has high 
groundwater potentials; the main water-bearing horizon is the Nubian sandstone aquifer, 
which in the area consists of continental elastic sediments, predominantely sandstone 
alternating with shale and clays. The rocks in the Oasis consist of five geological units. 
From top to base: the surface cover, sand and shale, upper aquifer (Nubian sandstone), 
sand and shale, and lower aquifer (Nubian sandstone) (El Kashouty et al. 2010: 953). 
Moreover El Bahariya Oasis is a touristic interesting area with archeological sites and has 
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attracted the attention due to its valuable economic resources and vast reclaimable lands 
(Hamdan et al. 2011: 1334) 
 
The transmissivity in different areas of the oasis lies between 300 and 2,448 m2/day 
according to El Kashouty et al. (2010: 953) and between 236 and 3,045 m2/day according 
to Hamdan et al. (Hamdan et al. 2011: 1333) and according to Bakhbakhi (Bakhbakhi, 
2002: 190) the average is 751.7 m2/day. The variation of the transmissivity is influenced 
by tectonics as well as both lateral and vertical facies changes in the sediments (El 
Kashouty et al. 2010: 955). 
 
The water is normally brackish to fresh and may therefore serve acute water needs for 
agricultural and industrial purposes. However, the soil salinity was increased because of a 
waste dump and an upward leakage of saline soil water. Hand driven shallow wells were 
accomplished previously, while the deep wells (down to 850 m in depth) are recently 
installed. (El Kashouty et al. 2010:953). The salinity of the water and its suitability for 
agriculture depend on which crops are used and what kind of soil. The consequence of 
too much salt in the water would be an increase of the osmotic pressure of the soil water 
(El Nahry, 2010:11) and create conditions that would keep the roots of the plants from 
absorbing the water, what leads to a death of plants.  
 
In El Bahariya is a great potential to expand into the desert. Especially in the high 
thickness areas of the aquifer large amounts of water can be provided from groundwater 
extractions. A development program of progressive reclamation and also urbanization of 
the desert including the northern El Bahariya Oasis (El Bawiti) has been raised (El 
Kashouty et al. 2010: 953). Recommendations for drilling new productive groundwater 
wells are also given in the southern El Bahariya Oasis (El Heiz) (Khaled et al. 2011: 
773). However, in some localities the drilling program continued without taking the 
aquifer geometry and potential yields into consideration, what bears a financial risk of 
failed drill holes. The main unsuitability criterion of an enhanced NSAS water use is the 
excess of salts. The mapping of saline soils is necessarily important for successful 
agriculture (El Kashouty et al. 2010: 953). The salinity of groundwater in the oasis 
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increases in the flow direction, SW to NE (Khaled et al. 2011: 767), from 433 mg/l at El 
Heiz area, to 450 mg/l at El Bawiti area to 586 mg/l at El Harra area (Khaled et al. 2011: 
770).   
 
The different papers taken into consideration all suggest that potential for an enhanced 
groundwater pumping exists in El Bahariya Oasis. More productive wells shall be drilled. 
Furthermore wells are required to increase the cultivated and urbanization area. Because 
of the increase of the groundwater heading from NE to SW, pumps probably are most 
efficient in the SW. The salinity of groundwater increases in the flow direction (SW to 
NE). The dissolved solid values also increase, but with little amount, in the N and the E 
directions of El Bahariya depression. An advantage of wells in the SW is also given 
because of less salt and less dissolved solids. 
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Example	  6:	  The	  East	  Oweinat	  project	  
 
Figure 52: Location of the East Oweinat, Egypt (1) (Nour, 1996:144) 
Located 800 km south from Cairo and 400 km southwest from the Kharga Oasis is The 
East Oweinat Area. It is connected with asphalt roads from the Dakhla and the Kharga 
Oases and is therefore easily reachable for new settlers. It is at longitudes 27 °45’- 
29°30’E and latitudes 22°20’N (Nour, 1996: 143). This is an area where one of the most 
important water irrigation schemes in Egypt is taking place. Before this scheme started 
there were virtually no inhabitants in this deserted place. The weather of this area is quite 
hot in the summer and rather warm in the winter. The maximum temperature during the 
summer can be around 40° and during the winter it can be around freezing temperatures 
(Nour, 1996: 144). By now there are, at least, 383 wells drilled by the Egyptian 
government (El Nahry, 2010: 2) in the area. The water resources in this area live up to the 
requirements for building up new agriculture and communities. The water contains a low 
amount of salt and is therefore good for irrigation purposes (Nour, 1996: 143). The water 
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comes from the NSAS; this is the sole of the water the supply for the irrigation of The 
East Oweinat Area. The intense groundwater exploitation of NSAS can already be seen 
today in the declining groundwater reserves. The scheme is made because of 
overpopulation in the Nile valley and Delta and this has made some challenges for the 
living standard in the area. The idea is that this extension in the western desert can help to 
overcome overpopulation problems (Nour, 1996:143). But this agriculture scheme can 
also have some consequences of the agriculture elsewhere, because the intensive 
pumping may lower the groundwater table in a large area. 
  
Figure 53: Location of the East Oweinat, Egypt (2) (El Nahry, 2010:2) 
(The satellite photo shows round fields, this is probably because because they use the 
Pivot Irrigation systems). 
 
The reclamation pilot project started between 1988-1992 and the area that was cultivated 
was about 3,000 feddans and the goal is to add additional 30,000 feddans every firth year 
and reach a total of 190,000 feddans, which are approximately 750 km2, in 2022 
(Ebraheem, 2003: 433). This will consequently lead to an extraction of approximately 
450,000 m3 a day to reach the irrigation requirements for the agriculture. Concerns exist, 
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that the little recharge of NSAS is not big enough to support such a big agriculture 
scheme, like the one going on in the East Oweinat area. 
 
The geological setting in the East Oweinat is underlain by Mesozoic sediment (Nour, 
1996: 144) and it consists of succession of sandstone beds. These sandstone beds have 
minor amounts of siltstone, koalinitic sandstone (Ebraheem, 2003: 433). The elevations 
values of the basement range from -330 m below sea level to section 200 above sea level, 
the lower parts are in the W while the higher parts are mainly in the E. The basement 
rocks consist of granite, gneis and granodiorite (Ebraheem, 2003: 434), what may be not 
water pemeable.  
 
The direction of the water in the aquifer is N-E. The depth to the groundwater ranges 
from around 20 m below the ground surface to more than 60 m, there is a tendency that 
the depth goes from the shallow parts in the E and gets deeper in towards the W 
(Ebraheem, 2003: 438).The percentage of sand in the aquifer ranges between 74% and 
87% and has an average of 78.74. The percentage of the sand decreases towards the S (El 
Nahry, 2010: 7). The transmissivity is on average 2070 m2/day and the hydraulic 
conductivity 11 m/day (Bakhbakhi, 2002: 190). 
 
The water in the aquifer contents a low amount of salt; this means that the water is 
suitable for irrigation. The salinity of the groundwater increases from low salinity 
freshwater in the S towards higher salinity in the N. One of the consequences of the 
heavy consumptions of the groundwater is that a depletion of the water level would result 
in a withdrawal of the more saline water in the deeper layers of the aquifer. This could 
show that the basin is relatively closed (El Nahry, 2010: 8). Sodium is a main problem of 
extracting these big amounts of water from the aquifer; it can influence the permeability 
and the infiltration of the groundwater. The amount of salt in this area is not critical yet, 
and all the samples taken by El Nahry have been categorized to have no harmful effects 
from sodium (El Nahry, 2010: 12).  
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Some of the big issues with the agricultural scheme in the East Oweinat area are how the 
big amount of water can be pumped from the NSAS, the scheme should exist and how far 
down the drilling can be before it is not economical efficient anymore. It is estimated that 
in the East Oweinat area 100 m is the pumping level limit (Ebraheem, 2003: 439) before 
it is uneconomically for irrigation, because of the high costs for drilling and pumping, for 
example through electricity prices. Even if the recharge is small, the water amount in 
NSAS is more than big enough for irrigation purposes. If the water exploitation expands 
in the future, the water table will probably decline and reach the economical limit in the 
future. It is argued that water exploitation in the East Oweinat can have big consequences 
to oases in Egypt especially in can affect the close Kharga oasis. We see this as a 
theoretical danger, there are 400 km to Kharga and with the speed the water is traveling 
in, then we don’t see this as a problem in practice. There are bigger problems with these 
Irrigation schemes then the effects in the other oases. 
 
There has been made a simulation of how to make sustainable agriculture development 
by using the water from the NSAS and the oasis in Egypt, in a time period of 100 years 
from 2000 to 2100 (Ebraheem, 2003). This was made to show how to optimize the 
outcome of crops and not to overuse the groundwater for 100 years. This shows that the 
current plan for extraction would have the consequence of so much depletion that the 
water level would drop under the 100 m economic level sooner than expected. According 
to this research the extraction, in the East Oweinat, should be 900*106 m3 and not the 
1200*106 m3, which is the plan that it should end up with (Ebraheem, 2003: 445). It 
should be considered in the current plans, which are made for East Oweinat project, that 
if the extraction excess the amount planned, then it would most likely have consequences 
for the aquifer. It is also worth to consider that in this research, it was not dealt with other 
consequences, like the increase of salinity if the depletion will continue. It is questioned 
to compromise between the negative effects of intensified extractions and the numerous 
negative consequences and the consequences of not pumping more water.  	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Part	  conclusion	  
In this analysis chapter we have tried to elucidate some key issue with water welling in 
Egypt from the Nubian Sandstone Aquifer System (NSAS) and try to show the potential 
for irrigated agriculture, with this kind of method. In the desert is more or less no 
precipitation and the evapotranspiration is extremely high, so the only water source 
comes from groundwater. The optimal utilization of agriculture in Egypt will be 
discussed later in this project. Six examples that extract water from the NSAS have been 
used: El Dakhla Oasis, El Kharga Oasis El Farafa Oasis, Siwa Oasis, El Bahariya Oasis 
and The East Oweinat project.  
 
It can be argued that there properly is a recharge of the aquifer, but we are considering 
the aquifer as a non-renewable source of water. It does not really matter if there is a 
minor recharge or in the future may be, because the water amount of the NSAS is really 
big and the whole water amount may not be used in the next 100 years. To make the 
water extraction sustainable planning and management of a high level is needed, to avoid 
a decline of the groundwater level. 
 
The groundwater in the western desert all in all is of good quality. It consists of a low 
amount of sodium, the salinity is generally not too high and is mostly fresh water. This 
means that the groundwater is good for utilization of agriculture and in many locations it 
is also suitable for drinking water. This is not a definite, but it can change through 
exploitation of the groundwater. If the groundwater declines it may affect the quality of 
the water, and the salinity probably will increase with the depth of the water table. Also 
the pH has an effect on the water quality, it is slightly alcalic. The water is generally in a 
good condition, but varies a lot. The following table sums up the main data: 
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Name 
Transmissivity 
[m^2/day ] 
PH 
[water] 
Hydraulic 
conductivity 
[m/day] 
saturated 
NSAS 
thickness 
[m] 
 
Economic 
Pumping 
Level 
[m.b.g.l.] 
Inhabitants 
El Kharga 510 
6.09–
6.71 
2.5 300-900 38 100000 
El Dakhla 950 
6.53-
8.00 
5.3 1500 63 75000 
Siwa 6000  30 500  23000 
El Farafra 1040 7-7,3 4.7 2600 65 5000 
El Bahariya 750 6,5-6,8 3.7 1880 75 30000 
East Oweinat 2070 
7.03-
9.53 
11 410 100  
 
Figure 54: Main data on the 6 examples (own illustration) 
 
The data in the table is taken from the US Agency for International Development (US 
Agency for International Development, 1998) and from all the sources we used. 
Unfortunately data was often contradictory. We tried to do our best and use the newest 
data available. For the transmissivity, hydraulic conductivity and saturated thickness we 
used data from Bakhbakhi (Bakhbakhi, 2002: 190), because he mentiones on how many 
pumping tests his data is based, what is often missing in the other papers. The data from 
Bakhbakhi is in the ranges of the data the US Agency for International Development (US 
Agency for International Development, 1998) provided. 
 
The NSAS is a multilayered system and the thickness of the aquifer ranges from 200 m in 
some places of the East Oweinat and up to 2200 m in the El Farafra. The transmissivity 
	  	  	   104	  
ranges from 510 m2 /day and in El Kharga and 6000 m2 /d in Siwa. A transmissivity 
greater than 1000 m2 /d means that the withdrawals have a great regional importance, and 
the “Designation of Transmissivity Magnitude” is very high, depending on “Krasny’s 
Classification of Transmissivity Magnitude”. Between 100 and 1000 m2 /d, the 
transmissivity is still high, but with a lesser regional importance, and between 10 and 100 
m2 /d transmissivity is intermediate with withdrawals for local water supply, useable for 
small communities and plants (Krasny, 1993). In the table hydraulic conductivity and 
thickness of the saturated aquifer are given, because they are needed to calculate the 
transmissivity. Generally it can be said, that a high thickness or a high conductivity alone 
is not helpful, one of both numbers can be small, the transmissivity is the number that is 
important for comparison. Nevertheless it is interesting, that the saturated thickness 
varies high. 
 
There are several different modeling techniques used for measuring and calculating what 
is the most economic pumping level, the results ranges from 38 meters below ground 
level (m.b.g.l.) in El Kharga and 100 m.b.g.l. in the East Oweinat. 
 
The optimum pH for human consumption should be in the range 6.5–9.5 (WHO, 1996). 
Therefore all pH levels from all of the examples are in a satisfying range. 
 
All in all it can be assumed, that the available water amount is not the main problem, but 
poor management (bad techniques, no maps available and so on) and governmental 
abuse, high salinity and high evapotranspiration all affect the living standards and 
agricultural possibilities. 
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SWOT	  of	  wells	  	  
	  
Figure	  55:	  SWOT	  analysis	  of	  wells	  (own	  illustration)	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The	  New	  Valley	  discussion	  
Seasonal	  irrigation	  
Egypt went, as mentioned before, to permanent irrigation after the completion of the 
Aswan High Dam. It can be discussed if it will be a good idea to go back to seasonal 
irrigation at all. It is central that the permanent irrigation gives possibilities for a higher 
amount of annual harvests, and offers a higher potential for the amount of produced crops 
than seasonal irrigation. There can thereby not be seen any logical reason to go back to 
seasonal irrigation, if your aim is to produce as high a number of crops as possible. The 
investigation problem in this paper is to meet the agricultural demand of an increasing 
population and logically to try to increase the amount of annual produced crops.  
 
Seasonal irrigation though has some positive aspects, compared to permanent irrigation, 
in environmental aspects. The permanent irrigation demands a high use of fertilizer, 
compared to seasonal irrigation, because the seasonal irrigations annual schedule 
provides the soil with the needed nutrition. 	  
Permanent	  irrigation	  
This chapter seeks to discuss the construction of the New Valley project according to the 
gained knowledge on permanent irrigation. The New Valley project was aimed to use the 
techniques of permanent irrigation. In 1997, they estimated a need of 5 million m³/year of 
water, in order to run the project. This water would be withdrawn from Lake Nasser, in 
order to reach the amount of agricultural land and agricultural production wanted. The 
overall aim of the New Valley Project was to cope with the increasing problems of the 
growing population and lack of food production. This project thereby aimed to build a 
new area, which could provide a high amount of crop production and at the same time 
give livable space for the population. It can be observed throughout this project, that 
seasonal irrigation does not have the same potential as permanent irrigation when it 
comes to aspects such as amount of food production. It can therefore be discussed how 
the project should be created when it comes to irrigation. The main difference between 
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seasonal and permanent irrigation, in a water aspect, is that permanent irrigation provides 
the opportunity for water throughout the whole year. The aim of the project was to create 
as high a annual crop production as possible, and it can be argued that permanent 
irrigation would be the most useful technique for such purpose. The production through 
permanent irrigation would require as stable flow of water within the canal and the whole 
system throughout the whole year. This would though demand a higher usage of 
water/year than seasonal irrigation. Which brings us to the first discussion point. 
 
The	  controlling	  of	  floods	  in	  the	  New	  Valley	  water	  flow	  
It is essential to have a steady and controlled water flow in order to irrigate permanently, 
as seen in the river Nile today. The consequences of a non-stable flow would be either 
floods or droughts, leading towards a decrease in crop production. It is therefore 
important to ensure such a stable flow within the New Valley. As the Aswan High Dam 
provides this essential need for the river Nile, so should the Mubarak pumping station 
together with the wells, do for the New Valley. This makes this pumping station and the 
wells the most valuable and essential parts of the New Valley project, if the aim is to do 
permanent irrigation, because they are the only parts within the project that has the 
possibility to provide a constant water flow.  
 
Horizontal	  land	  expansion/reclamation	  
The more water gets used, the more horizontal land can be reclaimed and agricultural 
production and living space can be expanded. Although the limits of using water are 
already set. One limit is that the more water gets pumped into the New Valley, the less 
water is available for the Nile Valley. A second limit is set by the agreement from 1959 
with Sudan, which allowed Egypt to use an annual quota of 55.5 billion m³. It was 
estimated by the Mubarak regime, that the New Valley project would need to use 5 
billion m³/year in order to fulfill the ambitions. That leaves 50.5 billion m³/year for the 
Nile Valley. Hydrologist have estimated that the use of 5 billion cubic meters per year, 
would be able to cultivate at least 500.000 feddans, and this shows the relativeness of the 
use of water and cultivated land. A higher use of water from Lake Nasser would be 
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estimated to harm the amount of water in The Nile. A decrease in the annual water flow 
through the Nile River would most likely have consequences on the environmental 
system. This could lead to a consequential decrease in agricultural productivity. So a 
higher use of water than 5 billion cubic meters per year is possible, but it would  have 
consequences for the Nile, and thereby the agriculture in the Nile area (Oxford Analytica, 
1997: 1).  
Providing	  electricity	  
They used 20 percent of the amount of electricity, which is produced by the High Aswan 
Dam, in order to pump the 200 million cubic meters per second through the Mubarak 
pumping station. This is a possible solution for the electricity need of the New Valley 
project. The abovementioned number is only to pump the water, and other aspects of the 
New Valley project naturally also needs electricity. It is described in this paper how a 
dam can provide electricity, and there have been made some plans about building a dam 
within the area of the New Valley project.  
 
Socio-­‐economic	  growth	  
The work of creating the project will naturally provide work for a certain amount of 
people, which is a different aspect of the project. Increase in the amount of work, would 
likely also be seen after the completion of the project. There would be an increase of 
possible work in the agricultural sector created by the agricultural land expansion, which 
is one of the aims of the New Valley project. Egypt is, as described earlier in the project, 
the county in the world who imports the highest amount of wheat every year. This shows 
a high dependence on importing food, and a higher amount of produced food in Egypt 
every year could help in this aspect. A decrease in the dependence of annual amount of 
import will in general help the Egyptian economy. The situation of a certain economy is 
important for the socio-economic growth. A better economy will provide better 
possibilities for the amount of jobs, and through that enhance the socio-economic growth. 
The possible increase in agricultural jobs, which is one of the aims of the New Valley 
project, could thereby directly have an influence on the socio-economic growth in Egypt. 
The increase of agricultural jobs and a higher production of annual crops in Egypt could 
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mean a decrease in the unemployment rate and at the same time make Egypt less 
dependent on import of crops. These two aspects will both have a positive effect on the 
economy. The possible created jobs by the New Valley Project can be estimated to only 
be a reality if the project becomes successful. It is essential for the creation of new jobs 
that the agricultural land expansion is successful. If it is not profitable for the farmer to 
create and grow agricultural land in the New Valley Project, then it can be questioned if 
the possible jobs will be created. It is thereby essential that the farmers will be given 
frames, where it would be possible to earn profit. An example of socio-economic growth 
on the basis of agricultural expansion is the construction of the Aswan High Dam, which 
explains that the construction of the dam and the agricultural expansion thereby provided 
had a positive effect on the socio-economic progress in Egypt. It is also explained that the 
extra work places within the agricultural sector would be positive for the socio-economic 
growth even though the salary is low within this sector. The Aswan High Dam both 
provided extra work during the construction and after by the increase in agricultural land 
and thereby an increase in jobs in the agricultural sector (Biswas & Tortajada, 2004). The 
same could be estimated for the situation for the New Valley project, if the project can 
reach its goal of agricultural land expansion. We can thereby estimate that the New Valley 
Project could have a clear positive effect on the socio-economic growth, if the project can 
reach its goals.  
Silt	  and	  fertilizer	  problematic	  
The problematic was mentioned in the case of the Aswan High Dam and the river Nile. 
Lots of quantities of silt get stuck at the Aswan High Dam and cannot flow further 
downstream to reach the Nile Valley and the Nile Delta. The same is most likely going to 
happen in the New Valley. And due to a loss of silt the usage of fertilizer is needed in 
order to compensate for the missing nutrients that are needed for the agricultural land to 
grow crops. This again is going to cost a lot of money and because organic fertilizer is 
not enough in order to increase the crop yields with the use of modern agricultural 
methods, inorganic fertilizer needs to be used.  
Loss	  of	  water	  due	  to	  evaporation	  	  
Evaporation is an important factor of the water balance system and causes massive loss of 
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water in big water bodies, such as Lake Nasser. The Toshka Lakes are already 
evaporating and loosing enormous amounts of water. The pictures below show the 
Toshka Lakes, extending 110 km from West to East. The picture on the left side was 
taken in 2002 and the picture on the right side in 2012. It is clearly visible that the 
amount of water in the lakes has decreased.  
 
 
 
Figure 56 and 57: The Toshka lakes 2002 and 2012 
(http://visibleearth.nasa.gov/view.php?id=78531) 
 
The evaporation of Lake Nasser is estimated to be between 17,9 % and 21,4 % of input. 
This is a massive amount of water that is totally lost. If the government of Egypt decides 
to expand and pump water towards the western desert, more and more lakes, such as the 
big Lake Nasser or the Toshka Lakes, will be created. Consequently more water will be 
lost due to evaporation of these big water bodies.  
Decreasing	   water	   and	   soil	   quality	   due	   to	   waterlogging	   and	   the	   consequential	  
salinization	  
Due the construction of the Aswan High Dam and the result of controlling the river Nile, 
there were no more seasonal floods. This led to waterlogging and the consequential 
salinization. If using and watering the soil around the New Valley permanently in order to 
grow crops all year long, waterlogging will be the result. To prevent the soil from 
waterlogging a sub-surface drainage system is needed. By the year 2003 more than 2 
million ha have been equipped around the Nile Valley with a subsurface drainage system 
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at a cost from the year 1973 to 2002 of about 3.1 billion US dollars. To equip the 
agricultural land throughout the New Valley would most likely be a very expansive way 
of dealing with this negative consequence. If the agricultural land is not well equipped, 
waterlogging will allow the groundwater levels to remain high, and this would result in 
the water getting pulled up by evaporation. This leads to salinization, because salts, 
disintegrated in the water, getting pulled to the surface through capillary action. The soil 
and the water will then be saltier than before. 
	  
Wells	  	  
Water	  availability	  	  
All examples have a high to very high transmissivity and promise a high to very high 
potential. Siwa Oasis and East Oweinat are the places with highest water potential and El 
Kharga has the worst potential, but still there is a high potential. The water withdrawals 
are good in all cases and there is no reason for not expanding into the desert. The 
economical levels of the different examples vary widely, but pumping may get cheaper in 
the future because of technical progress. This is a result of simulation systems, which 
figured out how much water can be extracted until it is not sustainable any more.  
Water	  quality	  
Besides the El Dakhla Oasis, with the lowest PH of 6.09, which is a little bit too acidic 
and the East Oweinat, with an upper range slightly above 9,5, which is relatively alkaline 
for human consumption, all pH values are in a satisfactory range compared to the pH 
optimum given by the WHO. In El Dakhla Oasis the water is polluted by lead (Pb) and 
should therefore not be used for human consumption, but just for agriculture and not 
drinking purposes. The El Kharga Oasis’ water can be used for irrigation purposes. The 
El Farafra Oasis water is of reasonable quality. The Siwa Oasis is having big problems 
with high water salinity. The El Baharya Oasis water is not suitable for human 
consumption, because of high iron levels. However, the water can be used for irrigation. 
The water is brackish to fresh. In the East Oweinat area the water is suitable for 
agriculture. There are dissimilar potentiasl of water use in the different areas, because of 
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different water qualities, so the water quality may be a reason to not expand the areas. 
The question is, if these circumstances would change over time, if the extraction of water 
and the use of it for agriculture, would change situation.  
Salinity	  and	  soil	  conditions	  	  
The salinity is generally a problem, in regions with high evaporation. We found data that 
shows that it is an immense problem, especially in the Siwa Oasis. In El Baharya the 
water has a high salinity in different occurrences. The salinity increases in the East 
Oweinat and the El Baharya in flow direction.  By this we cannot generalize that it would 
always be like this, but it shows a tendency and at least that the salinity always will 
change according to the position of the well. In the El Farafra the water is relatively fresh, 
with low salinity. Unfortunately there is no information about salinity in the other oases 
available. On the basis of the data it can be assumed, that the salinity plays an important 
role because of the consequences if the salinity will increase. The main problem seems to 
be the ongoing salinization of the soil, because of the heavy irrigation, where the osmotic 
pressure creates conditions that prevent the roots of the plants from absorbing water. This 
already led to death of plants in some regions. To expand the oases into the desert the 
salinization threat has to be taken into consideration. The expansion of the oases, have 
already led to some immigration of people from the Nile Valley and Delta. The 
construction of roads motivated people to start new land reclamation projects and this has 
led to soil problems. This has caused the soil to deteriorated fast after agricultural usage 
and irrigation of the land. Most of the desert soils are sandy and loamy sand soils, only 
suitable for planting fruit trees (Ibrahim et al. 2013). The growing of other kinds of crops 
is therefor not useful and possible. The tillage cannot be done like in the Nile Delta (El 
Bastawesy, 2010). In Siwa, for example, date palms is one of the few crops that are able 
to grow in the bad soil conditions due to its ability to deal with drought, poor soil fertility 
and stress. The production levels are generally small due to the conditions of the soil in 
the desert. Additional mineral nutrients and additional organic material are necessary. 
Siwa is known as one of the most promising areas for the expansion of the oasis in the 
desert and thereby accomplishes new land (Ibrahim et al. 2013).  
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Management	  
In the management plans, for the new valley project, alternative irrigation methods shall 
be considered, to avoid evapotranspiration or at least evaporation. This could be different 
kind of drip irrigation. Even though this also has its negative aspects, like the holes in the 
tubes get stopped by the salt from the water. It can also be considered what kinds of crops 
are grown, because the selection can affect how much irrigation is needed and can limit 
the use of fertilizer. The use of the right crops and at the right time of the year are 
advantageous. Unfortunately the information we were able to find on where the best 
locations of the wells would be and where the cultivated land should be located was very 
limited. The information we have is on the population of the places, the aquifer layers, 
the soil and the hydraulic conditions and by that we can discuss the possibility of 
expanding these places. The water quality is generally good and the amount of water is 
high, but if you look at the population number of the Oases then it shows that the biggest 
oases is having a population of 100000 people and it would just seem unrealistic, if they 
should expand it with a few million people. The condition of expanding the agriculture 
seems good with the right planning, but the cities thereby could also expand. But it would 
be limited. The amount of water that is planned to be pumped up, does not seem 
sustainable according to our research. If it should be sustainable, it would be necessary to 
make some good maps of the possible locations of wells and where the agriculture should 
be located and what kind of wells they should use. What kind of wells is and will be an 
important factor, if there will be invested in some more expensive but thereby more 
efficient electric wells.  
 
If the future agriculture would be highly industrialized as it is now in some places, like 
with pivot irrigation systems in the East Oweinat, then the job opportunities would be 
limited. The question here is if it is realistic to make it differently. There is also a 
problem in terms of trade, because if most of the land is owned by big land lords who can 
get more money out of growing crops for export then growing crops for the people in 
Egypt, then it would be all the earning for the export for a people and they will be able to 
import luxury things. This would affect how the wealth would be devided by the people 
and the equality would suffer. It would only divide the wealth, from the agriculture, on a 
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very limited amount of people. It would be different if the land was divided for more 
people, this could create more jobs. It is an imported factor to consider when the new 
valley plans are made.  
 
It could also be discussed if the Egyptians should keep on growing the crops they can sell 
expansive to Europe and then keep on importing the cheap wheat from Russia and USA. 
This is good in the sense that Russia and USA are able to produce the crops a lot cheaper, 
but this is making them very sensitive and depended towards import and world markets. 
First of all this would make Egypt depended on the season in the other countries if there 
is bad weather one year in Siberia, then it would make the wheat prices go up and this 
would affect the Egyptian people. Egypt would also be sensitive towards international 
food speculation from the United States, like it has happened before when the wheat 
prices went up because of food speculation. Although it would never be possible to 
produce wheat at the same price. The amount of water extracted from the aquifer, if it 
should be sustainable, is very difficult to calculate and many aspects are discussed and 
there are a few different models there have been used. The discussion is on how much 
you should look at it locally and how much you should see it as a holistic view of the 
whole aquifer. There are many contradictions in the literature that have been written 
about the subject. There should be done a lot research on the available water amount for 
extraction. It is a highly politicized subject, how much water the different areas are 
allowed and able to pump and if it affects other locations where water welling is 
happening. It is important at what scale you look at. It could be seen on a large scale were 
it is not just a domestic issue; the aquifer should be split between four countries and 
where all the four states suffer of a lack of water. Or it could be look at as a closed 
system, where on local scale it would not affect the other places where the extraction is 
happening. The answer is properly somewhere in-between. This is also a question about 
if this project has any future would it ever be sustainable or would it always have high 
costs for the nature because of environmental impacts. It can also be argued that the 
NSAS water use is just a temporary solution for a long termed problem and at some point 
the water will run out or the quality would be so bad that would not be usable anymore. 
But what are the consequences if they do not do it?  The consequences would properly be 
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bigger if this potential was not used. The problem here is that the population of Egypt is 
increasing so much that alternatives for the situations should be found and this is one of 
the only possibilities. So this potential should be tried to be used but with the right 
management.   
Potential	  	  
The potential of the different Oases are different according to the hydrological and the 
socioeconomic and the economic. The Dakhla Oasis is a relative big oasis with a 
population of approximately 75,000 inhabitants, the infrastructure is therefore good and 
lies 350 km from the Nile. The extraction from the aquifer has already had some impact 
for the environment. If the present extraction rate is increased, then it still would not 
exceed the economic level of 65 meters below the ground level. The groundwater quality 
in is generally good and this means that it would be possible to expand the cultivated area 
in this oasis. The Kharga Oasis is located 140 km east from the Dakhla Oasis. The 
population is over 100,000 inhabitants, which shows that there is some infrastructure 
already. The water quality is good but the extraction is already of such an amount that it 
already has consequences and the water level has thereby declined. This means that if 
there should be any expansion of agriculture here, then there should be better 
management of the amount of water that is extracted here. The El Farafa Oassi is located 
627 km from Cairo and has approximately 5,000 inhabitants and is one of the less 
populated oases. It has some natural wells and 140 working wells and there are good 
possibilities of expanding the cultivated areas towards east of El Farafa, but because of 
bad positioning of wells, it has resulted in environmental hazards and decline of the 
groundwater level. It would be possible to expand the cultivated area by 4000 acres. The 
Siwa Oasis is located 600 km west from Cairo and has a population of 23,000 people. It 
is considered as one of the most promising areas for adding new cultivated land and the 
water quality is good, but there already exist 1199 wells in the area. The soil is in poor 
conditions and has a bad water-holding capacity and date palms and olive trees are the 
main crops there. Bad drainage systems and overuse of water for irrigation has already 
had consequences for the salinization of the soil. It has converted fields into salt marshes. 
It also has to be taken into consideration that Siwa is a very deserted place and has 
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different cultures and speaks different languages then the rest of Egypt. This can have the 
consequence that it would be hard to move people from the Nile delta and valley to this 
place. Approximate 370 km southwest from Cairo is the El Bahariya oasis. It coves 
around 1800 km 2 and 30,000 people are living there. The groundwater is good for 
agricultural purpose, but not for human consumption. An increase of salt in the soil can 
already be located in this area. It would be possible to drill new wells in the S-W, but 
there should still be some mapping of the more saline soil and more efficient wells. If you 
go 800 km south from Cairo then you will find The East Oweinat project. The water in 
this area is good for irrigation purposes; it has low salinity in the south and higher salinity 
in the north. It is possible to increase this area, but a high increase of the area is not 
planned. The best would properly be to expand in the south parts.   	  
Conclusion	  
Egypt has come a long way in irrigating their agricultural fields. It all started 7000 years 
ago, with the first artificial irrigation. The people used the annual natural floods, provided 
by the river Nile, to irrigate their farm land. They were totally dependent on the mercy of 
the river. This irrigation scheme, called seasonal irrigation, was in use for a long time. Up 
until 1850 the farmers were dependent on the Nile water level. During the 19th Century 
Muhammad Ali, commander of the Ottoman army and governor of Egypt and Sudan, 
introduced permanent irrigation and replaced the former seasonal irrigation. Due to the 
construction of dams along the river Nile, it was possible to store water and irrigate 
permanently. Although it was not until 1970 when constructions were completed on the 
Aswan High Dam under president Gamal Abdel Nasser that Egypt had tamed the river 
Nile completely. Furthermore Egyptians started to pump water trough wells from the 
Aquifer below their land. What started a long time ago with some simple natural wells, 
turned, due to new technology, into excessive water pumping. It was necessary to fill the 
gap between supply and demand, since the living standard, the expansion of petroleum 
industries, tourism and the population in Egypt increased and the Nile as the only source 
of water can barely satisfy the needs. With the control of the Nile on one hand and the 
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wells on the other, President Hosni Mubarak, president of Egypt from 1981 to 2011, 
made an ambitious scheme in 1997 in order to create a new delta parallel to the Nile 
Valley. It starts in the South of the New Valley Governorate, following the Oases to the 
Mediterranean Sea in the North. Taking the water from Lake Nasser and the aquifer, this 
project is supposed to increase Egypt’s agricultural land by 10 % and to provide new 
living space for up to 16 million people by 2020. Through this project it is visible that 
using water sustainable is essential in order to provide enough water for civic and 
industrial purposes over a long period. It is also visible that Egypt only has a certain 
amount of water to use due to the geographical situation and due to the contracts with the 
neighbouring countries. This makes perfect management of the available amount of water 
highly important. Although throughout our research, we figured out that a lot of water 
gets lost during the processes of using water, especially during agricultural processes. 
The purpose of this project was to see how the demands of the growing population in 
Egypt can be met in relation to agricultural production based on knowledge of irrigation 
technology and focused on an expansion into the New Valley area in a sustainable 
manner. 
  
Based on the analysis and discussions of this project we can conclude that permanent 
irrigation is essential to provide the farm land with enough water, in order to grow crops 
all year around. Although moving forward on this path means that the management of 
using water for agricultural production must be improved. As mentioned, within the case 
study on rice cultivation and irrigation management in the Nile Delta, it is possible to 
increase the practical potential through good management, with a possible result of doing 
shorter cropping seasons while decreasing water usage for rice production and increasing 
agricultural production. Although many negative consequences have to be addressed and 
solutions are needed to be found quickly. Waterlogging, salinity and the excessive use of 
inorganic fertilizer harm the environment, the soils and finally the agricultural 
productivity. It is unlikely that an expansion into the New Valley can be done sustainable. 
If the needed water for an expansion into the New Valley would be taken from Lake 
Nasser, much water would be lost because of evapotranspiration and most probably 
exceed the amount of water regulated within the contracts of Egypt and the neighboring 
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countries. Already now a lot of water gets lost due to evaporation. Between 17.9 % and 
21.4 % of the input on Lake Nasser are completely lost. Huge water bodies would be 
created if expanding into the Nile Valley, meaning that more water would be lost due to 
evaporation. This is visible on the Tushkan Lakes, which appeared while pumping water 
from Lake Nasser into the western desert as a first step of the big New Valley project. 
Furthermore the costs to provide the agricultural land with sub-surface drainage, in order 
to prevent the soil from waterlogging and to provide the soil with enough nutrition would 
most defiantly be enormous. On the other side we came to the conclusion that partly 
expanding into the desert is doable. Expanding the Oases themselves and working on the 
Tushka project would be a possibility. Six examples of areas in the desert have been 
analysed, El Dakhla Oasis, El Kharga Oasis, El Farafa Oasis, Siwa Oasis, El Bahariya 
Oasis and The East Oweinat project. All examples have a high to very high transmissivity 
and promise a high to very high water potential. Though every Oasis needs to be seen as 
an individual, since they all show slight differences in water quality, salinity and soil 
conditions. Nevertheless it is possible to expand the cultivated area in these oases. In 
expanding the oases the main problem may not be the water amount, because if enough 
money for high technology wells is available, a huge amount of water can be pumped out 
of NSAS. But in order to use the extracted water sustainably, again a good management 
needs to be applied. Bad positioning of the wells for example results in environmental 
hazards and decline of the water level. Environmental threats like salinization and water 
logging are the main problems, not the amount of available water. To realize 
development in the desert, first of all more research is needed to analyze the many 
different problems properly and good management plans have to be done. If not, the New 
Valley project can end as an unsustainable project with high water waste. 
Perspective	  
This project is a result of people with very different approaches towards geography. So 
the project is a hybrid based on knowledge from people with different academic 
backgrounds. When we look at our project in retrospective, what we are really analyzing 
is the techniques of irrigation and the water potential of the Nile and the NSAS. We are 
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not directly using our theories in the analysis and if we were to do the project again or to 
continue with this research, this would be something that we would consider.  
 
We have not really analyzed the consequences of water as a power, in relation to 
Wittfogel’s theory on the Hydraulic civilization, and we have not described how the 
water has been distributed. We haven’t really considered how those in power may have 
used water as a mean of getting power. There have been many examples of how the water 
has been redirected away from poor farmers and to the richer landlords, which can also 
be seen in what kind of crops there are growing in Egypt. The rich farmers are not 
interested in producing crops that are for the domestic market, but are more interested in 
exporting agricultural product, in order to get a bigger profit and be able to import luxury 
goods for the rich few. This is an approach that could be very useful in a connection to 
solving the problem of the food shortage in Egypt. There is a quite big production of food 
in Egypt, but one of the problems probably lies in the distribution of the food production 
and of the outcome. We are only touching this subject very superficially and this is 
something that could be very interesting in a further discussion.   
 
We could also have researched who owns the land, who had bought land in the New 
Valley and who had invested money in the irrigation schemes, this could have shown 
who was expecting some kind of profit from this. Through such a research we could have 
looked at the power struggles of regarding this expansion and why somebody might have 
an interest in investing in this kind of project, which most likely will be temporary. Egypt 
is one of the most interesting countries when it comes to taking advantage of their 
geographical position. Why would Saudi Arabian sheiks invest so much money in 
making a second Nile river? This might be to support the regime that is in power, because 
they are afraid of the alternative. An example was when they were helping with the 
Toshka project, when Mubarak was in power and now they have promised a billion 
figured loan to the new military regime after they took the power from the Muslim 
Brotherhood. There are so many interests in this country. There are many aspects and 
interest in the New Valley project and agricultural expansion in Egypt in general, and it 
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would be interesting to analyze the underlying structures of why the food crisis has 
happened.  
 
All in all an interesting approach for further research into the New Valley expansion and 
agricultural expansion in Egypt in general, would be to look at the political, economical 
and sociological aspects of the food shortages and the agricultural production. It would be 
interesting here to include an international perspective. Through such an approach it 
might be possible to gain a greater understanding of the reason behind the current 
conditions in Egypt, as well as the possibilities for food security in the future.  	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